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ABSTRACT

AN INVESTIGATION OF MATHEMATICS SELF-EFFICACY, THE SOURCES OF
MATHEMATICS SELF-EFFICACY, AND MATHEMATICS ACHIEVEMENT
AMONG PRIMARY SCHOOL STUDENTS IN TRINIDAD AND TOBAGO

by
Ronald Sinanan

Chair: Jimmy Kijai

ABSTRACT OF GRADUATE STUDENT RESEARCH
Dissertation

Andrews University
College of Education and International Services

Title: AN INVESTIGATION OF MATHEMATICS SELF-EFFICACY, THE
SOURCES OF MATHEMATICS SELF-EFFICACY, AND MATHEMATICS
ACHIEVEMENT AMONG PRIMARY SCHOOL STUDENTS IN TRINIDAD
AND TOBAGO

Name of researcher: Ronald Sinanan
Name and degree of faculty chair: Jimmy Kijai, PhD.
Date completed: October 2022

Purpose of the Study
This dissertation addressed two problems in the literature. Firstly, while many
study findings have highlighted the critical role of self-efficacy in students' achievement,
additional research was needed about the four hypothesized sources that influence the
improvement of students' mathematics self-efficacy. Many studies on self-efficacy
sources were conducted with measures not closely tied to social cognitive theory and
have not demonstrated sufficient reliability. Using the Sources of Mathematics Self-

Efficacy Scale, Usher and Pajares (2009) addressed this problem. They suggested several
recommendations for future research (Usher & Pajares, 2008b, 2009), including
exploring the validity of their scale in different contexts, examining changes in students'
self-efficacy across significant transition periods, and clarifying gender differences in the
sources of self-efficacy. The very first part of my dissertation addressed each of those
recommendations. This scale was validated with pupils in Standards 4 and 5 (Grades 5-6)
because this context has gained less attention in studying mathematics self-efficacy
sources. Gender and other demographic differences in pupils' scores on the sources of
Middle School Mathematics Self-Efficacy Scale were analyzed, and the independent
contribution of each source to predicting mathematics self-efficacy.

Method
Data were collected from 277 primary school students in four North Eastern Education
District schools in Trinidad. Two survey instruments and a mathematics achievement test
were used to gather the data. The surveys were analyzed through descriptive statistics,
structural equation modeling (SEM), exploratory factor analysis, confirmatory factor
analysis, and Pearson correlation coefficient statistical programs. Exploratory factor
analysis on a content-specific mathematics skills self-efficacy scale showed a two-factor
scale. The scale had content validity and acceptable reliability. A four-factor
confirmatory factor model demonstrated the best fit for the SMMSE scale for the primary
school samples. As predicted, mastery experience was the strongest predictor of
mathematics skills self-efficacy. Slight or moderate differences were observed between
gender and age groupings. The analysis results verified the factor structure of the Sources

of Middle School Mathematics Self-Efficacy with a new primary school sample.
Contrary to previous research, neither mathematics skills self-efficacy nor any of the
sources of mathematics self-efficacy were statistically significant predictors of
mathematics achievement.
Results
Student perceptions of their ability to perform basic math operations were positive
(M=3.74, SD=0.53). Student perceptions of using math concepts were also positive
(M=3.2, SD=1.63). Pairwise comparison using the Bonferroni procedure suggested that
11-year-olds (M=16.79, SD=3.64) reported significantly higher mastery experience than
12-year-olds (M=14.88, SD=4.09) and 13-14-year olds (M=14.27, SD=3.67). A
comparison of the means suggested that males (M=17.82, SD=4.83) reported
significantly higher physiological states than females (M=15.05, SD=5.46). There were
no statistically significant predictors of mathematics achievement.

Conclusion
This study demonstrated that the surveys for mathematics skills self-efficacy and
the Sources of Middle School Mathematics Self-Efficacy scale could be considered valid
and reliable measures of those concepts among a Trinidad primary school population.
Previously, research on the sources of mathematics self-efficacy focused on middle
school students in the United States. This structural equation modeling found neither
mathematics skills self-efficacy nor any of the sources of self-efficacy were statistically
significant in predicting mathematics achievement among the primary school sample.
These findings substantially contribute to the knowledge of mathematics achievement

among primary school students in Trinidad and Tobago.
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CHAPTER 1
INTRODUCTION

Mathematics is fundamental to our way of life and knowing how the world works.
Science, Technology, Engineering, and the advances in these fields on which a nation's
economic future hinges on mathematics. Hence, having a solid mathematics education is
vitally important for all students. Furthermore, having a solid command of mathematics
allows students to be creative problem-solvers, assertive, and skilled individuals in
demand in universities and industries (Ofsted, 2012).
Mathematics is a powerful tool for universal understanding and communication
(Appiah, 2006). Using mathematics, learners can navigate the world and answer
complicated, real-life problems. For students to do well in a global setting, their
mathematics content must be reliable. It involves understanding the world from different
perspectives and acknowledging that issues are interconnected globally (Appiah, 2006).
In today's world, numerical aptitudes are increasing in significance; and essential
numeracy and quantitative skills are becoming very important in all employments, life
skills, and financial planning and data management (Ofsted, 2012). The ever-changing
world economy means strong math knowledge and skills are needed more than in recent
history. Businesses utilizing Science, Technology, Engineering, and Mathematics are
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becoming fundamental to development and economic prosperity and promise to be the
leading provider of jobs for future generations (Chitate, 2016).
The focus on mathematics success continues to receive much international
attention as researchers strive for a richer understanding of factors that contribute to
mathematics success, the influence on mathematics learning and teaching, and pupils'
beliefs and attitudes towards mathematics. Academic achievement in mathematics and
avoiding academic failure have become the concern of educational institutions
worldwide. Researchers investigating student difficulties with math (Fleischner &
Manheimer, 1997; Hembree, 1990; Maccini, Mulcahy, & Wilson, 2007; Miller &
Mercer, 1997) have identified affective and motivational variables as notable predictors
(Hall, Davis, Bolen, & Chia, 1999; Pintrich 2002).
The first indications of mathematics difficulty appear at lower elementary grade
levels (Hunt, Valentine, Bryant, Pfannenstiel, & Bryant, 2016). Gaps in fundamental
knowledge may occur even before pupils enter kindergarten, linked with skill deficits in
number sense that increase the chance of achievement gaps widening as they get older
(Mulligan, 2011; Schacter & Jo, 2016). Students who struggle in mathematics in
elementary school have negative long-term mathematics results during their education
and adulthood (Powell, Fuchs, and Fuchs, 2013). Compared to peers who begin school
with established standard numeracy abilities, students behind at the very start are not as
likely to be encouraged and involved in learning, setting the platform for future
difficulties associated with mastering mathematical material (Rabiner, Godwin, & Dodge,
2016). The growth of counting, understanding sequences, and estimation skills affects
math achievement in later grade levels, demonstrating that mastery of kindergarten skills
2

impacts prospective mathematics proficiency (Peng et al., 2016). Low-level mathematics
proficiency could result from the hierarchy of math skills and concepts in education. If an
unsteady foundation is established, advanced content areas will be challenging for pupils
to master (Peng et al., 2016).
A variety of factors influence success in mathematics among students, including
mathematics self-concept (Wang, 2007; Kuyper et al., 2014); mathematics anxiety
(Ashcraft, 2002; Ma & Xu, 2004); attitude toward mathematics (Hannula, 2002);
mathematics self-efficacy (Pietsch, Walker, & Chapman, 2003; Williams & Williams,
2010); parental involvement (Museus, Palmer, & Davis, 2011; Rosa & Mensah, 2016);
teachers (Klem & Connell, 2004; Pape, & Hoy, 2012; Ryan & Patrick, 2001); peers
(Palmer, Maramba, & Dancy, 2011); and gender (Kenney-Benson, Pomerantz, Ryan, &
Patrick, 2006).
While student motivation and hard work are vital elements of student
achievement, low self-efficacy toward schooling could hinder students' ability to
complete the coursework successfully and finally graduate (Spence & Usher, 2007). Selfefficacy, the potency of one's belief in one’s capacity to finish a task or goal, is a
significant predictor of math achievement and plays an essential role in developmental
math courses (Spence & Usher, 2007). The encounter of long-term negative emotions
toward mathematics and math anxiety brought on by various course failures should be
addressed to enhance pupils' achievement in mathematics courses (Taylor, 2008). To
achieve success in math classes, students need to have positive self-efficacy.
Investigations have demonstrated that students' mathematics self-efficacy is
closely associated with their mathematics achievement (Klassen, 2004; Pajares & Miller,
3

1994; Stevens, Wang, Olivarez, & Hamman, 2007). Research by Pajares (1996) revealed
that mathematics self-efficacy is the strongest predictor compared to other factors
associated with mathematics performance, such as cognitive ability and previous
mathematics achievement. Students with superior levels of mathematics self-efficacy also
show more interest in mathematics (Lent, Lopez, & Bieschke, 1993; Post, Stewart, &
Smith, 1991; Steven, Olivarez, & Hamman, 2006) and are inclined to be registered in
additional math- and science-related courses (Kemp, 2002; Lim, 2001; Tyler-Smith,
2006). So, do different cultures acquire self-efficacy beliefs in the same way? Is
mathematics self-efficacy also the most critical predictor of math achievement for
Trinidad students compared to American students? Therefore, self-efficacy may not be as
strong a predictor of academic performance in some cultures as in Western cultures.
Much of the studies on math self-efficacy and math achievement have been
focused on high school pupils; this creates a void in the literature on a significant subset
of underperforming math individuals -- primary school students. Further, studies about
math self-efficacy have not been mirrored locally (in Trinidad and Tobago); this
functions to further widen the gap in what is known about how mathematics self-efficacy
affects classroom performance. This study’s findings might enlighten policymakers and
individuals involved in program design, pedagogy, and training conditions for practicing
primary school teachers in Trinidad and Tobago.
The recognized importance of self-efficacy in academic success has triggered
widespread interest in specific elements that affect students' self-efficacy beliefs.
Bandura's (1997) social cognitive theory proposed that one's past performance strongly
influences self-efficacy, and studies broadly support this (Chen & Zimmerman, 2007).
4

Bandura (1997), in his theory, also indicates that self-efficacy is affected by observing
others (e.g., observing peers succeed in a job), verbal persuasion (e.g., encouragement
from parents and teachers), and interpretation of physiological conditions (e.g., lack of
stress may be a signal that a person possesses skills). In mathematics education, scholars
have demonstrated that students with high self-efficacy regulate their learning more
effectively and perform better than individuals with low self-efficacy (Pajares, 2006).
Stevens et al. (2006) stated that self-efficacy is a more reliable predictor of mathematics
achievement than general mental ability. Self-efficacy, like other psychological
constructs, is domain-specific (Pellegrino, 2014), inferring that students' self-efficacy in
one subject could be different from their self-efficacy in another.
Understanding the impact of self-efficacy beliefs on school motivation during
adolescence is essential because a decline in these beliefs often begins early. The
decrease in academic self-efficacy during middle school (i.e., grades 6-8) is associated
with later academic failure (Klassen, 2004). Adolescence is a trying period of transition
for many. Those who are more self-efficacious about coping with this developmental
period are expected to have a higher probability of succeeding (Zimmerman & Cleary,
2006). Self-efficacy is strongly linked to the quality and quantity of effort in school and
plays an influential mediating role in academic attainment (Bandura, 1997). Adolescents
with high self-efficacy are more likely to use various cognitive and metacognitive
learning strategies (Linnenbrink & Pintrich, 2003). Yet skills alone are not enough, and
abilities can be overruled by doubts about one's abilities (Bandura, 1997). Self-efficacy
becomes a critical issue for students because, as children age, their beliefs become more
related to school achievement (Shell, Colvin, & Bruning, 1995). According to social
5

cognitive theory, those who perceive themselves as inefficacious when coping with
potential threats will be prone to anxiety and avoidant behavior (Bandura, 1997).
Four self-efficacy sources may influence mathematics performance: performance
mastery experiences, vicarious experiences, verbal persuasion, and emotional arousal
(Bandura, 1994). This study examined the relationship among the sources of mathematics
self-efficacy, mathematics self-efficacy, and mathematics achievement in a sample of
Trinidad primary school students.

Statement of the Problem
Improving math achievement is essential for long-term student achievement.
"Leading societies also have demanded mathematical abilities that have brought them
advantages in medicine and wellness, engineering and commerce, navigation and
exploration, defense and finance, and the capability to comprehend past failures and even
to predict future developments" (p. 1), (NMAP,2008). Knowledge of mathematics can
produce opportunities for a successful future livelihood. Reports from external evaluation
bodies such as the Ministry of Education and private and public agencies on math
achievement have concluded that most of our pupils and society aren't well served.
(Ministry of Education program document, 1998). In preceding years, the pass rate for
math in the
Caribbean Secondary Education Certificate (CSEC) has been 2015=61%, 2016=54%,
2017=53%, and 2018=53.5%. CSEC subjects are examined for certification at the
General and Technical Proficiency levels. The General and Technical Proficiencies
provide students with the foundation for further studies and entry into the workplace. The
6

mean score for mathematics in the Secondary Entrance Assessment (SEA) for Primary
School pupils are 2015= 60, 2016= 61, 2017=58, and 2018= 59. The SEA, administered
by the Caribbean Examination Council (CXC), is a marker of educational achievement
for male and female primary school students. After approximately seven years of primary
school, most students living in Trinidad and Tobago take the SEA; candidates are placed
in secondary schools based on their examination performance. The highest-scoring
students are placed in schools of their first choice. Students with lower scores are placed
in schools based on demand and space availability. Any student under thirteen, scoring
below 30%, is assigned to re-sit the SEA in their primary school.
Any pupil feature that favorably influences accomplishment in high-stakes testing
environments requires attention. The level to which the student thinks they can
accomplish particular tasks, known as self-efficacy, is especially germane since selfefficacy strongly influences success behavior (Bandura, 1986). Those with higher selfefficacy are suggested to have greater aspirations, more substantial commitments to their
objectives, and the capacity to recover quickly from obstacles than those with reduced
self-efficacy. Beliefs in your efficacy may vary across academic areas (e.g., reading,
composing, etc.), with self-efficacy for math receiving close attention. Pupils with higher
mathematics self-efficacy continue longer on mathematics issues and are far more precise
in mathematics calculations than individuals with reduced mathematics self-efficacy
(Collins, 1982; Hoffman & Schraw, 2009).
The SEA results have shown that the mathematics achievement of Trinidadian
students varies greatly. There are many explanations for the vast disparity in mathematics
performance. Pupils may not always be able to complete the prescribed curriculum on
7

time; pupils, from an early age, may develop a psychological block against mathematics
caused by the myth that mathematics is complicated. Furthermore, some pupils may have
had a bad experience with mathematics. In many schools, there are, on average, 30 pupils
to one teacher, resulting in some pupils not receiving the individual devotion they may
require. There might also be a lack of motivation, or students may have difficulty
understanding the necessary mathematics level as they lack the essential prerequisites.
Hence, how active students believe they can be at a specific task will, in turn, impact how
well they will perform at that task.
Bandura 1996, defined self-efficacy as the confidence in one's abilities to organize
and execute the courses of action necessary to manage prospective situations; it performs
a crucial role in the learning process. Self-efficacy beliefs affect a person's choice of
activity, goal orientation, achievement in various fields, learning, effort, and
perseverance. As self-efficacy is a latent construct (i.e., not directly observable), a
theoretical framework must be chosen and consistently adhered to when studying and
devising instrumentation.
Self-efficacy is a personal construct about self. It is domain-specific in that you
can believe yourself to be efficacious in one area rather than another. Domain-specific
efficacy is also not automatically continuous as time passes. In education, there's overall
academic efficiency and topic-specific efficacy. Mathematics self-efficacy is the person's
confidence or judgment about their ability to solve mathematics problems correctly,
which means that there is a given degree of efficacy in every job at any given period, and
certain conditions can change it.
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Rationale for the Study
This study focused on two problems in the literature. Firstly, while many research
results have emphasized the critical role of self-efficacy in students' achievement, further
research was required about the four sources hypothesized by Bandura that affect the
improvement of students' mathematics self-efficacy. Many studies on the sources of selfefficacy were done with measures not directly tied to social cognitive theory and have not
exhibited adequate reliability. Using the Sources of Mathematics Self-Efficacy Scale,
Usher and Pajares (2009) addressed this problem. They proposed several suggestions for
future research (Usher & Pajares, 2009), including investigating the validity of their scale
in different contexts, investigating changes in students' self-efficacy across significant
transition stages, and explaining gender differences in the sources of self-efficacy. The
first part of my study addressed those recommendations. This scale was validated with
pupils in Standards 4 and 5 (Grades 5-6) because this context has gained less attention in
studying mathematics self-efficacy sources. Demographic differences in pupils' scores on
the sources of Middle School Mathematics Self-Efficacy Scale were evaluated, and the
independent impact of each source on predicting mathematics self-efficacy. Finally,
pupils face a critical transition from primary to secondary school. By collecting data from
standards 4 and 5 (fifth and sixth-grade students), we can discover how math self-efficacy
influences those students when they transition to secondary school.

Purpose of the Study
The study investigates whether mathematics self-efficacy is a predictor of
mathematics achievement and whether mathematics self-efficacy mediates the
9

relationship between the sources of mathematics self-efficacy and mathematics
achievement in a Trinidad sample. Trinidad and Tobago is a twin island state, and the
sample used in the study was taken from primary schools in Trinidad.

Research Questions
The questions guiding the investigation are as follows:
1. What are the levels of mathematics self-efficacy among primary school students?
2. What are the sources of mathematics self-efficacy among primary school students
in Trinidad and Tobago?
a. Do the sources of mathematics self-efficacy among primary school
students in Trinidad and Tobago vary by school type?
b. Do the sources of mathematics self-efficacy among primary school
students in Trinidad and Tobago vary by age?
c. Do the sources of mathematics self-efficacy among primary school
students in Trinidad and Tobago vary by gender?
d. Do the sources of mathematics self-efficacy among primary school
students in Trinidad and Tobago vary by ethnicity?

3. To what extent do mathematics self-efficacy and mathematics self-efficacy
sources explain mathematics performance among primary school students?

10

Conceptual Framework
Empirical research has supported the long-held assumption that individual
variations exist in students' learning. Recent methodological advancements have allowed
academic analysis to look at not solely what students learn; however, conjointly how they
learn. According to Bandura's Social Cognitive Theory (1997), self-efficacy is essential
to students' achievement. Proposing the Social Cognitive Theory in 1986, Bandura
introduced variables in learning psychology that explained numerous learning
phenomena. The psychological feature alignment in Bandura's theory and his special
attention to the idea of 'self' served as a basis for introducing many variables.
One of the variables that received Bandura's special attention because of its
outstanding role in learning was the idea of 'self-efficacy.' This variable strongly
influences people's behavior by changing individuals' assessments of their capabilities.
Self-efficacy beliefs affect the choice, the number of efforts pupils make, the level of
apprehension they experience, their tenacity when facing adversity, and whether failures
are demoralizing or informative for remedial action. According to Bandura (1997), selfefficacy judgments depend on a particular domain. In other words, they are domainspecific, meaning high self-efficacy judgments in a specific area are not necessarily
indicative of high self-efficacy in different fields.
Numerous studies have investigated the sources of students' self-efficacy in
different academic domains (Klassen, 2004; Pajares, Johnson, & Usher, 2007; Usher &
Pajares, 2006b). The sources of self-efficacy among students have been compared by
academic levels (Pajares et al.,2007), gender (Hamption & Mason, 2003; Pajares et
al.,2007; Usher & Pajares, 2006b), and ethnic groupings (Usher & Pajares 2006b). Most
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researchers have discovered that the four sources were correlated with self-efficacy (Lent
et al., 1991; Usher & Pajares, 2006b). The results, however, were not consistent with the
effects of the sources of self-efficacy on efficacy beliefs. Klassen (2004) found that
vicarious experience predicted self-efficacy beliefs, but other studies found no such
conclusion (Anderson & Betz, 2001; Lent et al., 1991). Some studies indicated that social
persuasion was a predictor of self-efficacy (Klassen, 2004; Pajares et al., 2007), while
others did not (Lent et al., 1991). Anderson and Betz unearthed evidence that emotional
and physiological states were significant predictors of self-efficacy, while Lent et al.
(1991) found no significance. However, many analyses of the sources of self-efficacy
have discovered that mastery experience accounted for the most substantial proportion of
variance in self-efficacy (Pajares et al.,2007). These results supported Bandura's claim
that mastery experience is the most valuable source of self-efficacy (Bandura, 1997).
From a theoretical standpoint, establishing and expanding self-efﬁcacy beliefs in
elementary school children has been limited to a few research studies (Britner & Pajares,
2006; Pajares et al., 2007). The primary school years are critical, particularly for children
with limited cognitive maturity, to choose, evaluate, and integrate various information
sources to form their self-efﬁcacy beliefs. We do not know, for example, whether mastery
experiences take priority in the selection and evaluation process. Limited learning
practices in elementary schools may, for example, prevent students from employing
successes/failures as a source of information. Likewise, we do not know the other three
sources' functioning patterns.
From the brief synthesis of self-efﬁcacy, I have developed a conceptual model
that depicts two significant strands of research (i) the sources of mathematics self12

efficacy and mathematics self-efﬁcacy and (ii) mathematics self-efﬁcacy and
mathematics academic achievement. While differing from previous studies, the present
research entails examining structural relations between the sources of mathematics selfefficacy, mathematics self-efﬁcacy, and mathematics academic achievement. The
conceptualization also underlines the essential role of self-efﬁcacy in teaching and
learning. The alignment of self-efﬁcacy, in this case, specifies a possible mediating
mechanism of self-efﬁcacy between sources of self-efficacy and academic attainment.
For example, studies using path analytical procedures have described evidence
demonstrating the mediating role of self-efﬁcacy in academic learning (Pajares, 1996a,
1996b; Pajares & Miller, 1994; Pajares & Valiante, 1997).
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Figure 1: The sources of Mathematics Self-Efficacy, Mathematics Self-Efficacy, and
Mathematics Achievement.

Figure 1 displays the hypothesized model with mathematics self-efficacy as
the mediator of mathematics self-efficacy sources and mathematics achievement.
This model relates one exogenous latent variable, the sources of mathematics selfefficacy, to two endogenous latent variables: mathematics self-efficacy and
mathematics achievement. Several studies report that the sources of mathematics
self-efficacy are predictive of mathematics achievement (Klassen, 2004; Usher &
Pajares, 2009; Zeldin and Pajares, 2000), and mathematics self-efficacy is predictive
of math achievement (Usher and Pajares, 2009; Klassen, 2004; Skaalvik & Skaalvik,
2011). Studies also suggest that self-efficacy may be a mediating variable (Canpolat,
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2012, & Peters, 2013).
The latent exogenous variable, sources of math self-efficacy, is measured by
mastery experience, vicarious experiences, social persuasion, and physiological
states. Bandura (1994) hypothesized that four self-efficacy sources might predict
mathematics achievement: performance mastery experiences, vicarious experiences,
verbal persuasion, and emotional arousal. The latent endogenous variable
mathematics self-efficacy is measured by the observed variables, operation, and
application, derived from the Trinidad Mathematics Skill Self-Efficacy Scale
(TMSSES). Number, Measurement, Geometry, and Statistics are the observed
variables for the second endogenous latent variable, mathematics achievement.
Number, Measurement, Geometry, and Statistics are the strands that make up the
Trinidad Primary Math Curriculum.
As displayed in Figure 1, a direct path links the latent endogenous variable,
sources of mathematics self-efficacy, to the latent endogenous variable, mathematics
achievement. A second path connects the latent endogenous variables, sources of
mathematics self-efficacy and mathematics self-efficacy, to mathematics
achievement, with mathematics self-efficacy as a mediator.

Significance of the Study
Results from this study could help further enhance and extend research in social
cognitive theory in several important ways. First, the reliability and validity of the
SMMSE scale would be verified so that it could be used with more confidence in primary
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schools. Increased emphasis on primary school readiness in preparation for the Secondary
Entrance Assessment (SEA) has put more importance on mastering mathematics
concepts. An instrument measuring the sources of mathematics efficacy for primary
school students enables researchers to collect reliable quantitative data on how selfefficacy beliefs are formed as students learn these concepts. This study further validates
the factor structure of Bandura’s (1997) hypothesized sources of self-efficacy beliefs,
assisting researchers in better understanding possible differences in how self-efficacy
beliefs are formed in underrepresented populations among primary school mathematics
students.
Second, this mediational role of self-efficacy makes it a predictor of subsequent
achievement. The findings of this study could promote a greater understanding of various
contributing factors influencing mathematics achievement. The exploration of these
factors involved the analysis of the association among multiple variables. These variables
included primary school students’ mathematics self-efficacy, the sources of mathematics
self-efficacy, and mathematics achievement.
Finally, with a better understanding of how mathematics self-efficacy mediates
the relationship between the sources of mathematics self-efficacy and mathematics
achievement, educators, school administrators, and education policymakers can work
toward creating curricula and programs that support or build primary students’
mathematics self-efficacy and enhance mathematics achievement.
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Limitations
Limited demographic data was accessible about the participating students because
of restricted access to their parents. One more limitation is that self-report surveys fail to
consider the full context of a respondent's experiences, mainly when qualitative data do
not accompany them. Additional possible limitations of using self-report data involve
participants' inability to remember past events and their unwillingness to divulge personal
information (e.g., their private beliefs).

Delimitations
The study was delimited to selected standard five students from government and
denominational schools in the North Eastern Education District, which limited the
sample. I would have liked to sample students in all eight education districts. It bears
noting that a purposeful sample such as this one defines the inferences available to the
researcher. For this reason, conclusions drawn about students in other settings must be
made with caution. These delimitations prevented the generalizations of the results to
other populations.

Definition of Terms
A list of definitions of terms pertinent to the literature and the research questions
is presented here. Terms have been defined in ways most consistent with how they have
been operationalized in the literature and this study.
Mathematics achievement is the ability to manipulate mathematical concepts
and accurately perform mathematical calculations.
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Mathematics self-efficacy is the belief in one’s capability to solve a
mathematical problem or complete a mathematical task (Hackett & Betz, 1989).
Mastery Experiences are the perception of past performances.
Physiological and Affective State includes somatic and emotional events,
including stress, fatigue, anxiety, and mood.
Self-Efficacy is the belief in one's capabilities to organize and execute the courses
of action required to produce given attainments" (Bandura, 1997, p. 3).
Social Cognitive Theory: A psychological theory in which individuals'
behaviors, environment, and personal factors interact in triadic reciprocity.
Social Persuasion: Evaluative messages that convey capability-related
information.
Sources of Self-Efficacy: Antecedents of capability-related beliefs.
Vicarious Experiences: Encounters in which individuals witness the successes or
failures of others executing a task

Organization of the Remainder of the Study
Chapter 2 includes a review of related literature and research, including the
following areas: social cognitive theory, mathematics self-efficacy, and self-efficacy
towards mathematics achievement. Chapter 3 will describe the research methodology,
including information on the participants and procedures for collecting and analyzing
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data. Chapter 4 presents the data analysis and results, and Chapter 5 includes the
summary, discussion, and recommendations for instructional improvement and further
study.
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CHAPTER 2
LITERATURE REVIEW
Introduction
This chapter offers a review of the literature appropriate to this investigation. The
chapter begins with an explanation of what is meant by Trinidad and Tobago’s academic
achievement specific to the primary school context and how it is measured. The chief
tenets of Albert Bandura’s (1986) social cognitive theory, which serves as the study’s
conceptual framework, were summarised. Next, a review of studies focused on selfefficacy sources, emphasizing mathematics self-efficacy and its correlations, was
presented. The review described an evaluation of instruments measuring constructs
related to the sources of self-efficacy, including the development of the Sources of
Middle School Mathematics self-efficacy (SMMSE) scale (Usher & Pajares, 2009),
which was used in this study, followed by the theory that has guided research on
mathematics self-efficacy sources. This section follows a review and critique of empirical
findings on the hypothesized sources. The segment on the inter-relationship among math
self-efficacy, sources of mathematics self-efficacy, and mathematics achievement looked
at cultural attitudes towards mathematics, sources of mathematics self-efficacy, and
mathematics achievement and self-efficacy and mathematics performance—the chapter
closed with a summary.
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Literature Search Strategies
The search for relevant literature for research regarding this quantitative
correlational study was conducted through Andrews University’s library databases. The
literature reviewed for this study was obtained from EBSCOhost, ERIC, ProQuest,
Dissertations and Theses @ Andrews University, and Google Scholar databases. The
gathered literature was found through a search of scholarly, peer-reviewed research
articles, books, theoretical articles, etc., on self-efficacy, self-efficacy, and academic
achievement, mathematics self-efficacy, mathematics achievement, the sources of selfefficacy, self-efficacy as a mediator variable, and the Social Cognitive Theory.
When searching for articles to support this research study and to learn about the
previous foundations of the topic, the following terms were used: (self-efficacy in
mathematics) (self-efficacy in elementary education) (the sources of self-efficacy)
(measuring the sources of self-efficacy) (student mathematics achievement) (self-efficacy
scales) (gender and mathematics achievement). From these search terms, the following
topics were organized for this literature review: : (a) Mathematics Achievement, (b)
Factors that Influence Mathematics achievement, (c) Social Cognitive Theory, (d) SelfEfficacy, (e)Mathematics Self-Efficacy, (f) Sources of Mathematics Self-Efficacy (g)
Self-Efficacy studies (h) Assessing Self-Efficacy (i) The Sources of Middle School
Mathematics Self-Efficacy Scale (j) Likert Scales (k) The relationship among the Sources
of Mathematics Self-Efficacy, Mathematics Self-Efficacy, and Mathematics
Achievement.
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Social Cognitive Theory: A Conceptual Overview
The publication. Social Foundations of Thought and Action: A Social Cognitive
Theory (1986) served to introduce Bandura’s Social Cognitive Theory. In it, he stated
that individuals are not shaped and controlled by environmental forces but are driven by
their inner impulses. Bandura contended that people were self-organizing, self-regulating,
proactive and self-reflecting (Pajares, 2006). Bandura put forward a model of reciprocal
determinism in which cognitive and other personal factors, behavior and environmental
influences interact with each other. The product of this triadic reciprocality is human
thought and action (Figure 2).
People interpret the effects of their behaviors differently, dependent on their
unique factors in cognition, affect, and biological events (Pajares, 2006). Different
perceptions cause other subsequent behaviors, which, in turn, affect and inform the
external environment—additionally, environmental feedback influences individuals’
behaviors and personal cognitive and affective factors. The interaction of this triadic
reciprocality has considerable consequences for education. To change students’
behaviors, teachers should concentrate on how students explain personal behaviors and
focus on the environment that can influence and be influenced by students.
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Figure 2: Triadic Reciprocal Determinism.

Bandura identified this theoretical model as Social Cognitive Theory to
emphasize the critical function of cognition in this theory. According to the Social
Cognitive Theory, cognition plays an integral part in individuals’ abilities, such as
symbolizing, forethought, and vicarious and self-reflective capabilities to create reality
and self-regulate, encode information, and perform behaviors (Bandura, 1986). Instead,
an individual’s cognitive depiction of the future significantly impacts their present action
(Bandura, 1986). In educational situations, teachers can introduce foreseeable outcomes
to their students, such as an incentive for good grades, which can transform future results
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into present motivators. The students might recognise the importance of the consequences
of having better grades and consequently regulate themselves to work more diligently.
Hence, cognized expectations are the antecedent to actions (Bandura, 1986). So,
cognition is a mediator between individuals and their behaviors.
Social Cognitive Theory is founded on a triadic reciprocal causation model with
environmental factors, human behaviors, and personal factors. The self-system is one of
the cognitive factors in which students apply control over their thoughts, feelings, and
actions (Bandura, 2001). Bandura (1986) contended that self-efficacy beliefs are a crucial
factor influencing human behaviors. People with comparable abilities might perform
badly, satisfactorily, or exceptionally, dependent on the perception of their efficacy. Also,
the same people might accomplish differently depending on their self-efficacy levels at
other times.
Self-efficacy is one of the personal factors in Social Cognitive Theory, one of the
three components of Bandura’s concept of reciprocal determinism. Empirically, a
significant body of research on self-efficacy beliefs has validated Bandura’s Social
Cognitive Theory and shown the pivotal role of self-efficacy in human behavior.
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Mathematics Achievement in Trinidad and Tobago: An Overview
In Trinidad and Tobago, the Secondary Entrance Assessment (SEA) is a national
high-stakes test for primary school students at the Standard Five level. This level is
equivalent to Grade 6 in the United States. Initially, the intent was that this assessment
would be used to select students admitted to secondary schools and, among those chosen
students, determine to which tier of secondary education the selected students would be
assigned. The SEA comprises three papers, Creative Writing, Mathematics, and
Language Arts. It covers the national curriculum for primary-level education, focusing on
content from Standards Three to Five (grades 4 to 6). Before implementing the
assessment, the Ministry of Education offered universal secondary education (USE).
Therefore, the purpose of the examination is to place students in secondary schools based
on their level of achievement.
The score on the mathematics component of the SEA determines Mathematics
Achievement at the primary school level. The mathematics component of the SEA
requires students to respond correctly to a stimulus in which the mathematical problem
might expect a single numerical response involving either one of the four rules (addition,
subtraction, multiplication, and division). Replies may require other related mathematical
concepts or knowledge, as in the Standard Five curriculum. There are also problemsolving items in word format. These word problems might involve a single rule or a
combination of any of the four rules or might similarly require any other mathematical
concept, law, or knowledge as appears in the curriculum. Students must respond to these
word problems by showing their work or explaining how they solved each. Word
problems allow students to express their thinking methods and explain the processes by
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which they obtained their answers rather than focusing solely on the final solution as the
object of assessment.

Mathematics Achievement among Primary School Students
Competency in mathematics has become a rather important skill for every
individual today. Learning basic mathematics in primary school is the foundation for
understanding higher-level mathematics concepts. Failure to master the essential
mathematics concepts will affect the ability to acquire mathematics skills at a higher
level. In addition, the inability to understand and learn mathematics concepts early also
affects students’ interest and confidence in learning new mathematics knowledge.
Students are exposed to basic mathematics knowledge at the primary-school level. This
stage plays a vital role in learning mathematics up to a higher level. A strong
mathematics foundation will ensure smooth learning of mathematics. Competency in
basic numbers is formed at an early age (Jordan & Levine, 2009). Children with
mathematics difficulties will have a problem with symbolic number knowledge, which is
influenced by experience and teaching. The absence of concept formation added to the
difficulty in remembering basic facts, resulting in students being unable to solve
problems.
Fluency in basic arithmetic combinations is a challenge for students with
difficulties in basic mathematics skills and concepts (Bryant et al., 2008). Generally, most
children with mathematics difficulties show weaknesses in memory and the application
of arithmetic facts. This weakness shows that difficulty in remembering number facts is
the most common component of arithmetic difficulty. However, it does not mean that
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each student with arithmetic difficulty faces problems remembering number facts
(Dowker, 2005). Dowker (2005) discussed a few situations or types of arithmetic
difficulties shown by students. Some students do not have a problem remembering
number facts but lack a strategy to solve counting problems. Some students can solve
single-digit arithmetic but face difficulty understanding and mastering concepts of ones,
tens and place value.

Factors that Influence Achievement in Mathematics
Researchers have studied variables that may influence students’ achievement in
mathematics (Cotton, 2003; Fennema, 2000). Researchers have also focused on variables
inside and outside of school that affect students’ achievement, such as school factors,
self-concept, self-efficacy, attitude, attribution, motivation, peer variables, and gender
(Trends in International Mathematics and Science Study [TIMSS], 2015). TIMSS is the
most extensive, comprehensive international study to analyze students’ mathematics
achievement.
Researchers have also studied the variables that may influence students’ low
achievement in mathematics: exogenous variables such as socioeconomic status, family
dynamics, and gender have been shown to impact student progress (Campbell, 1994;
Campbell & Beaudrey, 1998; Campbell & Uto, 1994; Campbell & Wu; 1996; Fenemma,
2000). Teacher and peer influences also influence students’ academic progress (Dweck,
2000; Feng, Campbell, & Verna, 2002; Fennema, 2000; Gaving & Reis, 2003; Reis,
2005; Zvoch & Stevens, 2006). The influences of endogenous variables, including prior
ability, effort, perceived usefulness of mathematics, motivation, and math self-concept,
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have been shown to produce gender differences in students’ attitudes and attribution
toward mathematics and their ultimate academic success (Dweck, 2000; Fennema, 2000;
Martin, 2002). Variables that impact pupil achievement in mathematics are numerous and
confounding. Further, some variables are profoundly entrenched and stable, so speedy or
easy modification is unlikely in many cases. This study focuses on self-efficacy’s
influence on mathematics achievement, as research has shown that self-efficacy
positively influences mathematics achievement.
The role of self-efficacy and student academic achievement has been considered
numerous times through various research studies. After examining factors related to
academic achievement, even in the content area of mathematics, researchers have found
self-efficacy to be an essential construct when understanding student academic
achievement. According to Bong (2001), self-efficacy involves describing and evaluating
an individual’s perceived intellectual abilities, often based on prior experiences or
achievements in a particular content area. Several studies show that self-efficacy beliefs
are significant predictors of academic achievement (Bong, 1998; Bong, 2001; Multon,
Brown, & Lent, 1991; Robbins et al., 2004). Also, several meta-analyses reveal a high
effect size of self-efficacy on academic achievement (Multon et al., 1991; Robbins et al.,
2004). High self-efficacy beliefs factor into higher academic achievement since students
with higher self-efficacy hold stronger beliefs about mastery of content (Bong, 2001).
In addition to factoring into higher academic achievement, self-efficacy is related
to positive outcomes and student persistence (Bandura et al., 2001; Komarraju & Nadler,
2013). Moreover, students who perform poorly on math tests tend to have higher math
anxiety, which results in less confidence and overall self-efficacy (Artemenka, Daroczy,
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& Nurek, 2015). Thus, students with confidence try harder and often attempt to engage in
various tasks (Komarraju & Nadler, 2013). The body of research shows that several
researchers have studied the relationships between student self-efficacy beliefs and
academic outcomes (Bandura et al., 2001; Heggestad & Kanfer, 2005; Vancouver,
Thompson, & Wiliams, 2001). These studies are significant because it has been
determined student self-efficacy influences academic motivation and achievement (Bong,
1998; Bong, 2001; Multon et al., 1991; Robbins et al., 2004).
Regarding the relationship between student self-efficacy beliefs and academic
outcomes, two patterns have emerged concerning significant correlations between (1)
student self-efficacy and future academic achievement and (2) student self-efficacy and
past achievement. Hence, considerable research demonstrates the relationship between
student self-efficacy, goal setting, and academic achievement. For example, Brown et al.
(2008) found that educational goals, self-efficacy, and academic skills predict college
retention. In addition to a positive relationship between student self-efficacy and
academic achievement, research has shown a positive correlation between past
achievement and student self-efficacy.
Four sources develop an individual’s self-efficacy. Prior mastery experiences,
vicarious experiences, social persuasion, and physiological state responses help establish
self-efficacy (Bandura, 2001). The research supports the significant influence of past
achievement on student self-efficacy. Therefore, it is vital to understand the link between
self-efficacy and past achievement when studying the correlation between self-efficacy
and academic achievement and past achievement and self-efficacy. Self-efficacy directly
reflects an individual’s ability to control motivation and behaviors (Bandura, 1977, 1986,
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1990, 1997). Thus, these influence human experience and the achievement that results
from an individual’s abilities.

Self-Efficacy: A Brief Historical Overview
The concept of self-efficacy was advanced out of the social cognitive theory from
the work of Bandura (Allan, McKenna, & Dominey, 2014; Bandura, 1977). Judge, Erez,
Bono, & Thoresen (2002) describe self-efficacy as self-perceptions of our ability to
complete various tasks. Bong and Skaalvik (2011) described self-efficacy as a
multidimensional task and domain-specific construct but argue that self-efficacy lacks
some stability and hierarchy of academic self-concept. Furthermore, self-efficacy is
considered to impact a person’s choice, and pursuit of tasks since persons with high
levels of self-efficacy are more likely to take on and complete complex tasks than those
with low levels (David et al., 2009).
According to the skill-development model, self-efficacy can be affected by the
person’s level of task-related capability (Marsh & O’Mara, 2010). On the other hand, the
self-enhancement model claims that self-efficacy can affect ability. It can also affect their
academic achievement level (e.g., test scores and class grades; Khan, 2013). Moreover,
academic self-efficacy affects motivational constructs, such as ambition type, willpower,
goal setting, and assignment choices during learning processes (Khan, 2013). A study by
Schunk and Zimmerman (2009) found that persons with high self-efficacy regarded
problems as challenges or puzzles to master and habitually selected complex tasks for
completion. Maffini and Kim-Ju (2018) also observed that persons with high self-efficacy
tend to display a sense of calmness during complex problem-solving activities. The
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research also shows that persons low in self-efficacy are more willing to think they lack
the essential skills to solve complex problems (Maffini & Kim-Ju, 2018). Consequently,
self-efficacy is directly associated with our sense of accomplishment and mastery
experiences (Trautwein & Möller, 2016).
Self-efficacy constructs are built on data gathered from four primary sources of a
person’s life experience: (a) mastery experiences, that is, a person’s achievement
accomplishments. For example, suppose pupils are asked to guess their prospect of
effectively writing an essay. In that case, the past pupils’ essay experiences will be the
foremost determining factor in pupil responses (Usher & Pajares, 2009). Research studies
show that mastery experiences influence pupils’ academic self-efficacy and that
social/dimensional evaluations are secondary influences (Pajares, 1996; Usher & Pajares,
2009). Scientists view mastery experiences, which happen whenever a person
successfully undertakes the completion of a task or achievement of a goal, as the most
prominent source of self-efficacy for individuals (Kiang et al., 2017), (b) vicarious
experiences, that is, a person’s observation of the performance accomplishments of
others. Vicarious experiences happen when people cannot draw on experience to achieve
a given task, so people turn to observation to solve the problem. Observation of persons
performing a task that needs accomplishment helps deduce whether the observer will do
so (e.g., If you can do it, so can I; Kiang et al., 2017). (c) social persuasion is the
reassurance or discouragement persons receive from other people while engaged in
specific activities, and (d) physiological and affective state, that is, a person’s response to
anxiety and stress, both physical and emotional, when confronted with a task. We also
know that persons “learn to interpret their physiological arousal as a measure of personal
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competence by appraising their performances under differing conditions” (Usher &
Pajares, 2009, p. 90).
Usher and Pajares (2009) highlighted that “mastery experiences prove particularly
influential when persons overcome difficulties or succeed on challenging tasks” (p. 89).
Hence, it is suggested that pupils take on challenging tasks more regularly to increase
their opportunities to experience mastery. Additionally, pupils should be provided with
inquiry-based interactive learning settings since interactive learning may offer more
mastery opportunities than the traditional, less dynamic teacher-led model due to pupil
expectations for active involvement and collaborative learning (Usher & Pajares, 2009).
To that end, Bandura (1993) defined the general features of high self-efficacy
individuals: (1) persons view complex tasks as challenges to master instead of threats to
evade, (2) persons set goals that test current abilities and preserve a solid commitment to
achieving them, and (3) persons do not quit when confronted with obstacles for success.
Caprara et al. (2008) noted that such persons quickly recover their sense of self-efficacy
after being unsuccessful at a particular task. This recovery happens because they attribute
a lack of success to either inadequate drive or a deficit of knowledge and skills, which
persons regard as remediable. In academic learning, Madonna and Philpot (2013) found
that pupils can display wide-ranging levels of self-efficacy, particularly during the first
days of school (Caprara et al., 2008). The instructor’s guidance and rewards can affect
pupils’ self-efficacy because direction and incentives give them feedback on how well
they might be learning. Pupils can use this information to better evaluate their academic
self-efficacy in the future (Caprara et al., 2008).
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Sources of Self-Efficacy
Studies on the sources of self-efficacy have been performed in various domains
(e.g., science, engineering, writing and mathematics). Nearly all these studies on the
sources of self-efficacy have been conducted with high school and college students.
Usher and Pajares (2008b) reviewed the empirical research investigating the four sources
of self-efficacy in academic settings. They found that mastery experience had been
consistently shown to predict self-efficacy, confirming Bandura’s (1997) theory. In all of
the examined studies, there were significant positive correlations between mastery
experience and self-efficacy (median r = .58), with mastery experience being a significant
predictor of self-efficacy in all but one study. Inferences involving the other three sources
are less consistent, often due to defective scales not aligned with Bandura’s hypotheses.
Researchers have also demonstrated that the four hypothesized sources affect the
development of students’ self-efficacy.
Many scholars have investigated gender differences in the sources of selfefficacy. Most have found no gender differences in the strength of the correlation
between the sources of self-efficacy and self-efficacy measures (Britner & Pajares, 2006;
Lent, Lopez, et al., 1996; Pajares, Johnson, & Usher, 2007). However, investigators’
outcomes are varied concerning gender differences in the comparative strength of the
four sources. Some researchers have identified no gender differences (Klassen, 2004;
Stevens, Wang, Olivárez, & Hamman, 2007). However, others have found that girls and
boys weigh the sources differently (Britner & Pajares, 2006; Joët et al., 2011). The nature
of gender differences in the four sources’ comparative strength may be contingent on
context, such as the domain in which the sources are assessed. In a study investigating the
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self-efficacy of 295 undergraduate students, Lent, Lopez, et al. (1996) determined that
men report more mastery experiences and are less affected by physiological states than
women in mathematics. Britner and Pajares (2006) got comparable outcomes with boys
and girls in Grades 5 through 8 in science.
However, other researchers have disclosed that girls in elementary, middle, and
high school report more mastery experiences and decrease anxiety than boys in writing
(Pajares et al., 2007). Gender variations have also been observed in social persuasion and
vicarious experiences. High school girls have been shown to have more favorable social
persuasion and vicarious experiences than boys in mathematics (Lopez et al., 1997).
Similar results were obtained for elementary, middle, and high school students in writing
(Pajares et al., 2007). Other scholars have found that social persuasion was a robust
predictor of academic self-efficacy for middle school girls but not boys; however,
vicarious experience was only a significant predictor for boys (Usher & Pajares, 2006a,
2006b).
In one of the few studies exploring the sources of mathematics self-efficacy
among primary school students, Joët et al. (2011) examined the impact of the sources on
395 French third-grade students’ mathematics self-efficacy. The results of hierarchical
linear modeling showed that mastery experiences and social persuasion predicted
mathematics self-efficacy. Boys showed higher mastery experience and social persuasion
than girls, and girls revealed more elevated physiological arousal levels. The validity of
the scale employed in this study to investigate the sources has not been satisfactorily
demonstrated with a third-grade sample.
Some researchers have investigated ethnic differences in the significance of the
34

sources of self-efficacy. African American middle school students indicated significantly
higher physiological arousal for their academic work than White students (Usher &
Pajares, 2006b). Even though all four sources predicted academic self-efficacy for White
students, only social persuasion, physiological states and mastery experience were strong
predictors for African American students (Usher & Pajares, 2006a). In 1998, Gainor and
Lent explored the predictive power of the sources of mathematics self-efficacy among
African American college students. They stated that social persuasion, mathematics
ability, and physiological states were predictive of self-efficacy. These findings imply
that vicarious experience may not be as crucial a source of self-efficacy for African
American students.
However, both studies used questionable vicarious experience subscales not
aligned with Bandura’s recommendations, which may have prejudiced this source’s
predictive ability. No assessments have yet investigated ethnic differences in the sources
among primary school students. Few researchers have involved children younger than
middle school students in their self-efficacy sources assessments. Of the 31 studies
evaluated, four included primary school children and only two examined mathematics.
Stevens et al. (2006) investigated the sources of mathematics self-efficacy in 666 Grade 4
through 10 students. They used an SEM and found that all four sources of self-efficacy
predicted mathematics self-efficacy. Stevens et al. (2006) included mastery experience,
social persuasion and vicarious experience as one joint latent variable in the model, so no
data about these three sources’ relative predictive power could be obtained. Physiological
states were incorporated as an “emotional feedback” latent variable (Stevens et al., 2006).
The researchers did not conduct any separate analyses of data from primary school
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students, so this study could not determine if there are variances in the sources of selfefficacy for primary school students versus older students. Only third-grade students were
included in Joët et al. (2011) sample, so they could not report grade-level comparisons in
the sources of self-efficacy.
Only one longitudinal study investigated adjustments in the sources of selfefficacy over time. Phan (2012) employed a latent growth modeling approach to examine
adjustments in mathematics and English self-efficacy sources among third- and fourthgrade Australian students over one year. Phan used a modified version of the Matsui
(1990) Sources of Information Questionnaire to measure the self-efficacy sources. He
employed a task-specific self-efficacy scale. Results showed that mastery experience and
social persuasion were positively related to students’ initial mathematics and English
self-efficacy. Mastery experience was positively correlated with the shift in self-efficacy
over time for mathematics and English, while physiological states were negatively related
to a change in mathematics self-efficacy.

Mathematics Self-Efficacy
Tait-McCutcheon, (2008) described mathematics self-efficacy as a belief in how
well students can learn mathematics. The amount of self-efficacy controls how the
students deal with mathematics tasks. Students with high self-efficacy perceive difficult
mathematics tasks as achievable and maximize their efforts to solve them (Pajares, 1997).
Such pupils tend to be highly interested in mathematics problems and motivated to solve
them (Pajares, 2005). Investigations discovered a positive correlation between
mathematics self-efficacy and problem-solving capability (Pajares & Miller, 1994;
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Pajares & Krenzler, 1995). Notably, high levels of self-efficacy do not ensure problemsolving capacity when pupils face demanding mathematics tasks. As an alternative, high
self-efficacy urges pupils to solve problems and gives them fortitude and determination
until the problem is effectively solved (Pajares, 2005). Self-efficacy also impacts pupils’
use of appropriate cognitive strategies, which help them work out mathematics problems
(Pintrich & DeGroot, 1990).
Many countries’ mathematics achievement levels were not at the anticipated level
(Mullis, Martin, Robitaille & Foy, 2009). Investigators conducted many studies to
explain this situation and discovered many variables affecting attainment. Anxiety about
mathematics and self-efficacy are the variables that have gotten the most attention
(Walsh, 2008). The findings of many of these studies revealed that self-efficacy is the
best predictor of mathematics achievement and attainment (Fast et al.., 2010; Lindley &
Borgen, 2002; Pajares & Kranzler, 1995; Ferrari & Parker, 1992; Pajares & Miller, 1994;
Pajares, 1996; Siegel, Galassi & Ware, 1985; Schunk, 1989, 1991; Stevens et al., 2004).
A few studies found a positive correlation between self-efficacy and achievement
(Pajares, 1996; Hackett & Betz, 1989; Pajares & Graham, 1999; Randhawa, Beamer &
Lundberg, 1993; Peitsch, Walker & Chapman, 2003; Stevens et al., 2004). It is important
to note that there is a reciprocal association between self-efficacy and achievement.
Consequently, self-efficacy increases achievement and achievement, in turn, positively
influences self-efficacy. Many researchers studied the combined effect of self-efficacy
with other variables to predict mathematics achievement (Dumais, 2009; Pajares &
Miller, 1995; Pajares & Kranzler, 1995; Stevens et al., 2004). One research study by
Pajares & Miller (1995) found a negative correlation between self-efficacy and
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mathematics anxiety; they stated that self-efficacy was more predictive of achievement
than anxiety. Bryan, Glynn & Kittlesson (2011) found that mathematics achievement was
correlated with self-efficacy, intrinsic motivation, and self-regulated decision-making, of
which self-efficacy was the best predictor of achievement. Numerous studies examined
the association between sources of self-efficacy and mathematics self-efficacy in the U.S.
(Lent, Lopez & Bieschke, 1991; Lopez & Lent, 1992). Lent Lopez and Bieschke (1991)
found that all self-efficacy sources correlate significantly with each other and with total
mathematics self-efficacy scores. They also investigated the association between sources
of self-efficacy and mathematics achievement, which revealed that (mastery experiences
(r = 0.54), social persuasion (r = .44), and physiological states (r = -.38) have
significantly correlated with achievement. Lopez and Lent (1992) had similar
conclusions. Both studies found that mastery experiences and social persuasion correlated
with self-efficacy. Studies in France and Turkey analyzed the association between selfefficacy and the sources of mathematics self-efficacy (Arslan, 2012; Joët, Usher &
Bressoux, 2011). Arslan (2012) used a sample of 1049 Turkish students to study the
sources of self-efficacy for learning mathematics and achievement. He learned that only
social persuasion and mastery experiences were meaningfully correlated with selfefficacy for learning mathematics and achievement, with mastery experiences having a
higher correlation with these two outcome variables.
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Sources of Mathematics Self-Efficacy
Bandura (1997) hypothesized four sources of self-efficacy. These sources are
mastery experiences, vicarious experiences, social persuasion, and physiological states.
One must ground the investigation on the self-efficacy theory to explore self-efficacy in
any setting. Usher and Pajares (2006) studied 6th grades and stated that all self-efficacy
sources were predictive of self-efficacy; however, not all the sources were equally
weighted. This analysis revealed that mastery experience and social persuasion correlated
significantly with self-efficacy.
Mastery experiences can be developed by teachers through the problems they
formulate for the students. Teachers should provide opportunities for students to
demonstrate their mastery level; this should be done while still maintaining a challenge to
students (Usher, 2009). Usher and Pajares’ study of self-efficacy in middle schoolers
(2006) revealed that mastery experiences accounted for the most significant variance.
Similar results were found in a survey of college students (Lent, Brown, Gover, & Nijer,
1996), with the researchers suggesting that recent success, or mastery experiences, may
be of most significance later in life. One relies on past performance to determine selfefficacy when encountering a previous topic. Males rely more on mastery experiences to
evaluate their mathematics self-efficacy, as they are more likely to evaluate themselves
by their achievements and failures (Usher & Pajares, 2006).
Students witnessing a classmate succeed at a mathematics problem can develop
the perception that they can be successful (Usher & Pajares, 2008). Modeling is a source
of vicarious learning (Usher, 2009). Students judge their abilities by likening themselves
to their classmates. Teachers should provide opportunities for peers to model their
39

problem-solving in class. Witnessing a peer as a model has a more significant impact on
self-efficacy than observing the adult as a model (Schunk, 1991).
Social persuasion has been shown to play a more critical role than mastery
experiences in informing mathematics self-efficacy for females (Usher & Pajares, 2006).
Social persuasion can provide encouragement and discouragement; in some cases,
students can be dissuaded from following certain academic paths. Classmates and parents
are also sources of social persuasion. Classroom culture can influence attitudes towards
mathematics (Sullivan, Tobias, & McDonough, 2006). Antagonistic classrooms can
affect students of all self-efficacy levels. Similarly, antagonistic households and parents’
comments can affect self-efficacy.
Physiological states also impact self-efficacy (Bandura, 1997). The experience of
a heightened state of excitement in the classroom can positively and negatively affect
pupils (Usher, 2009). Students with a high sense of self-efficacy would be encouraged by
this heightened state of excitement, while those with low self-efficacy would feel
depressed or discouraged. These sensitive states have magnified feelings of uncertainty,
anxiety, or apprehension. This apprehension is predominantly real for pupils placed into
low-attainment groups. A student placed in a low-attainment group has little to no
mastery experiences, has fewer chances to observe others succeeding, and is dissuaded by
social persuasion. For these students, physiological arousal will be the dominant source
of self-efficacy (Usher & Pajares, 2006). Students in below-level ability groups are
inclined to be more anxious. Consequently, their physiological states intensify negatively,
leading to low self-efficacy for the subject matter.
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Assessing the Sources of Self-Efficacy in Mathematics
Scholars have used qualitative and quantitative methods to explore the sources of
self-efficacy. Usher and Pajares (2009) reviewed measures of the sources of self-efficacy
in various areas. Although comparatively little qualitative research has been done,
investigators have used interviews and open-ended measures to learn more about the
factors that lead to the development of self-efficacy (Lent, Brown, et al., 1996; Zeldin &
Pajares, 2000). Qualitative research can give a unique insight into how the sources impact
students’ self-efficacy and could even reveal new sources of self-efficacy. Qualitative
research, however, can be time-consuming and sacrifices the generalizability of results
because of the small sample sizes.
Most researchers have used rating scales and self-report measures to assess the
sources of self-efficacy. The Sources of Mathematics Self-Efficacy Scale (SMES),
developed by Lent et al. in 1999, is used by many researchers to investigate efficacy
sources in mathematics. This SMES is a 40-item scale with 10-item for each of the four
self-efficacy sources. The SMES was designed to assess the self-efficacy of college
students. The scale has been modified by researchers for different people and contexts
(Anderson & Betz, 2001; Britner & Pajares, 2006; Lopez & Lent, 1992; Smith, 2001).
The SMES is limited in tangible ways, namely the design of the physiological states
subscale. The physiological states subscale was measured using a modified version of the
Mathematics Anxiety scale from the Fennema-Sherman Mathematics Attitudes Scales
(Betz, 1978), which utilizes only one facet of this source of self-efficacy as hypothesized
by Bandura. The physiological states subscale overlooks other factors, such as mood,
stress, fatigue, and physical strength, which may not afford a complete picture of this
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source. The vicarious experience subscale of the SMES has also demonstrated low
internal consistency (Gainor & Lent, 1998; Lent et al., 1991).
A revised 24-item version of the SMES was used to evaluate the sources of
mathematics self-efficacy of 395 third-grade French Joet et al. (2011). The alpha
coefficients for the revised scale were appropriate for mastery experience, social
persuasion, and physiological states (ranging from .83 to .89). Still, the internal
consistency for vicarious experience in this scale was still below acceptable values (α =
.61). No factor analysis was conducted on the scale to provide evidence for this
measure’s validity, demographic factors, such as age, can influence the factor structure
(Lent, Lopez, Brown, & Gore, 1996). Using a measure designed for older students with a
different sample without first checking its validity with the new sample can lead to false
findings. Several investigators have used other scales or constructed their own items to
assess the sources (Bates & Khasawneh, 2007; Hampton, 1998; Matsui et al., 1990).
Several of these items align poorly with Bandura’s Social Cognitive Theory.
Usher and Pajares (2009) developed a new measure closely aligned with
Bandura’s (1997) thinking to examine the sources of mathematics self-efficacy in middle
school students. They examined internal consistency, content validity, convergent and
divergent validity, and construct validity in a three-phase process. The psychometric
properties of the items were good, including measurement invariance across gender,
ethnicity, and mathematics capability. The alpha coefficients for four subscales were
good (mastery experience: α = .88; social persuasion: α = .88; vicarious experience: α =
.84 and physiological states: α =.87 The fit indices for the confirmatory factor analysis
measurement model were acceptable, and the factor loadings ranged from .61 to .83.
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Development of the Sources of Middle School Mathematics Self-Efficacy Scale
The Sources of Middle School Mathematics self-efficacy (SMMSE) scale (Usher
& Pajares, 2009) was developed in three phases guided by Spector (1992) Spector’s
(1992) authentication protocol. The initial step was to construct items to measure each
source; this included having suitable stakeholders (e.g., students and teachers) review
items for clarity. The survey was then administered with a more significant sample of
middle school students for the first assessment of psychometric fitness leading to a
revision of the first instrument. The next phase focused on conducting an exploratory
factor analysis (EFA) using a new set of students, with the outcome of this analysis
leading to additional refinement of the questionnaire. The third stage included having
leading scholars in self-efficacy, including Albert Bandura, evaluate and further improve
the instrument’s wording. This final development stage also included performing a
confirmatory factor analysis (CFA) using different students. The findings in the three
steps led to the SMMSE scale (Usher & Pajares, 2009) used in this study. These stages
are described in the following segments and will identify the participants, data sources,
conducted analyses, and the results for every phase.

Phase 1.
Participants.
The first phase in developing the SMMSE scale focused on creating items and
conducting an initial analysis of the psychometric fitness of the scale (Usher & Pajares,
2009, p. 92). A focus group comprising 23 sixth-grade students, a sixth-grade teacher, an
eighth-grade teacher, a principal, and a parent provided feedback on the instrument’s
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wording and clarity. A few weeks later, a revised survey was administered to 1111 (552
boys, 225 girls) registered in Grades 6 and 7(n = 373). Many participants were of uppermiddle socioeconomic status, and 67% (n = 677) identified themselves as White.
Data sources.
Items were constructed as first-person declarations, which asked students to rate how
false or true a given declaration was to them on a scale of 1 (definitely false) to 6
(definitely true). Phase one of this survey consisted of 84 items, including 21 mastery
experience items, 20 social persuasion items, 23 vicarious experience items, and 20
physiological-affective items. Students answered each self-efficacy measure on a Likert
scale from 1 (not in any way confident) to 6 (completely optimistic).
Analysis.
Initial analysis of this Phase 1 data contained a descriptive exploratory examination
before fitting their data to some statistical model (Usher & Pajares, 2009, p. 92). This
phase assessed each data set’s means, standard deviations, frequency distributions,
skewness, and kurtosis. Construct validity was assessed using the bivariate correlation
with the subscale total with each of the four self-efficacy measures. Items were expected
to possess moderate correlations with the self-efficacy outcomes (|r| > .30); those with
smaller correlations were flagged for removal. Internal consistency was assessed using
Cronbach’s alpha coefficients. Items with poor item-to-item scale total correlations (r <
.40) were flagged for removal. The last stage of data screening was supposed to find
consistency across measures. Items flagged based on two criteria (e.g., high skewness,
kurtosis, or weak correlations) were deleted or revised.
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Results.
Of the first 84 items, 23 were identified as performing poorly, and 13 were found inside
the vicarious experience subscale alone. This finding separated the vicarious experience
subscale into three sub-factors (peers, adults, and self), resulting in 10 problematic
products. These problems reflect previous difficulties in producing internally consistent
items to measure this specific source, particularly mathematics (Usher & Pajares, 2009, p.
9-3). Correlational analyses demonstrated that roughly 45% of the correlations were
below |.30|. New items were generated from poorly performing issues identified from
removed Phase 1 items.
Phase 2.
Participants.
The next phase of the SMMSE scale development centered on running an exploratory
factor analysis (EFA) to ascertain the nature of Bandura’s hypothesized sources of
efficacy influences on a set of responses (Usher & Pajares, 2009, p. 92). The revised
questionnaire was administered to 824 students (389 boys, 435 girls) registered in Grade
6 (n = 248), Grade 7 (n = 259) and Grade 8 (n = 317). Many participants were of uppermiddle socioeconomic status; 66% (n = 546) identified themselves as White, and 21% (n
= 172) were registered to get free or reduced-price lunches.

Data sources.
Items that revealed some psychometric weakness from the SMMSE scale were altered,
and items were added to reinforce the defects in the scales. In particular, items were
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added to better assess vicarious experiences and social persuasion factors. The Phase 2
survey contained 86 items: 12 assessing mastery experiences, 28 assessing social
persuasion, 30 assessing vicarious experiences, and 16 assessing physiological states. The
same self-efficacy instrument from Stage 1 was used in Stage 2. Internal consistency of
self-efficacy measures ranged from .89 to .94.
Analysis.
The exact cutoff criteria for psychometric fitness for Phase 1 were employed for the
phase two study, which included the skewness (-2.0 to 2.0) and kurtosis (-7.0 to 7.0)
cutoff amounts recommended by Kline (2005). Phase 2 analysis’s primary purpose was
to conduct an exploratory factor analysis (EFA) to ascertain if four distinct factors could
be identified using the remaining student items that demonstrated good psychometric
fitness. This analysis comprised squared multiple correlations to gauge every item’s
communality and analyze the eigenvalues linked with each factor. An oblique Promax
rotation was employed because the proposed items were theorized to be correlated.
Variables that loaded onto more than one factor and variables with factor loading less
than |.35|.
were omitted.
Results.
The cutoff criteria for descriptive data for Stage 2 were identical to those used in Phase 1
of this scale development. Thirty-five low-quality items were removed, which left 51
items for the EFA analysis; factor 1 described 70% of the variance, factor 2, 11%, factor
3, 7 %, factor 4, 4%, and factors 5-7 each reported 3% or less of the variance. The scree
plot proposed that a four-factor model best described the variance. The factor analysis
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was performed again using a four-factor model with items with a factor loading over
|.35|, which caused a 39-item final version for Stage 2. Factor 1 comprised of thirteen
items (loadings ranged from .36 to .84), factor 2, 10 items (loading from .53 to .90),
factor 3, 10 items (loadings from .40 to .75), along with six items loaded onto factor 4
(loadings in .44 to .66). These factors were subsequently categorized as (1) social
persuasion; (2) physiological states; (3) vicarious experience; and (4) mastery experience.
Together, these four variables reported 98 % of the variance. Inter-factor correlations
ranged from .29 (mastery & vicarious experiences) to .60 (mastery experiences & social
persuasion). Items within each factor also exhibited good internal consistency (α range
from .85 to .92).
Phase 3.
Participants.
The third stage in developing the SMMSE scale centered on further optimizing the
instrument using a confirmatory factor analysis (CFA) to ascertain the ability of
Bandura’s four sources of self-efficacy factor model to fit the observed data set (Usher &
Pajares, 2009, p. 92). This stage also included asking three reputable authorities in the
self-efficacy theory (Bandura, Zimmerman, and Schunk) for their comments on the final
items. The revised survey was administered to 803 students (395 boys, 408 girls)
registered in Grade 6 (n = 282), Grade 7 (n = 255) and Grade 8 (n = 266). Most
participants were of upper-middle socioeconomic standing, 67% (n = 541) identified
themselves as White, and 19 % (n= 153) were registered to receive free or reduced-price
lunch.
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Data Sources.
The Stage 3 instrument comprised 73 items, including the 39 objects from Stage 2 and
modified items excluded from the Stage 2 evaluation. For convergent and discriminant
validity, several motivational items were included as part of Stage 3. Additional factors
were selected because they have been proven to correlate with self-efficacy; thus, they
ought to correlate with the four sources.
Analysis.
For Stage 3, a confirmatory factor analysis helped determine the best model that
characterized self-efficacy sources’ straightforward structure. The identical cutoff criteria
for descriptive statistics were employed in Stage 1, although more rigorous standards
eliminated items demonstrating excessive skewness and kurtosis. Item-total correlations
were analyzed next, where items using subscale correlations less than or equal to |.55|
were identified, and items under |.30| to other subscales were also recognized for
removal. This removal led to a tight final sources scale, which was practical,
conceptually, and psychometrically strong. The next phase of this instrument
development was a confirmatory factor analysis to test their remaining measurement
model. The authors relied on four commonly-used indices to ascertain the fit of each
CFA version: the Satorra-Bentler (S-B) χ2 test statistics, used when data are nonnormally distributed, which had been the case with information from this research; the
comparative fit index (CFI); the root mean square error of approximation (RMSEA); and
the standardized root mean square residual (SRMR) (Usher & Pajares, 2009). The authors
also analyzed significance tests for variable loadings,

values, remaining and

normalized residual matrices, and modification indices such as Lagrange Multiplier
48

(L.M.) when analyzing each model.

Results.
Of the 73 Stage 3 items, 34 were removed from descriptive statistics, and five similarly
worded items were eliminated, leaving 34 items. Twenty-four items were chosen from
this collection of items based on psychometric and theoretical considerations (Usher &
Pajares, 2009). The model’s standardized- factor loadings were significant at the same
.05 level and ranged in magnitude from .61 to .83. The four source factors demonstrated
intercorrelations varying in size from -.45 (between vicarious experience and
physiological states) to .83 (between social persuasion and mastery experience).

Evidence of Construct Validity
Several data sources supported the construct validity of this SMMSE scale,
including convergent validity with all self-efficacy measures and other related constructs
and discriminate validity with unrelated constructs (Usher & Pajares, 2009). Correlations
between sources and four self-efficacy scales utilized (mathematics grade self-efficacy,
mathematics courses self-efficacy, math skills self-efficacy, and self-efficacy of
regulatory learning) were significant (p < .001). Strong correlations were observed
between self-efficacy sources and relevant motivation constructs, such as self-concepts
and invitations. The self-efficacy sources also revealed strong correlations to pupil
achievement measures. The instrument demonstrated discriminating validity to unrelated
concepts such as self-efficacy and performance-approach goals. The authors also sought
to ascertain all four hypothesized sources’ contributions to predicting middle school
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students’ math self-efficacy. They ran four distinct regression analyses of self-efficacy
sources to the four self-efficacy outcome variables - grade self-efficacy, math skills selfefficacy, course self-efficacy, and self-efficacy for self-regulated learning. Mastery
experiences were the strongest predictor of three out of four outcome measures.
Vicarious experience has been the most potent predictor of self-efficacy in self-regulated
learning, with mastery experiences being the second most decisive factor.
Overall, the findings support Bandura’s (1997) claim that mastery experience is
the strongest predictor of all self-efficacy beliefs. The results also support Bandura’s
contention that weights individuals assign to several sources are not identical across
contexts. The predictive ability of each source can vary with various subjects. For
example, the predictive power of each source may vary with different content areas.
Thus, it is necessary to establish reliable self-efficacy measures for use in particular
settings. The SMMSE scale is a carefully designed and validated instrument to measure
middle school students’ self-efficacy in mathematics.

Assessing Self-Efficacy
Bandura (1997) proposed that strict adherence to content and context specificity
in self-efficacy studies is compulsory to yield valid results. According to Pajares (1996),
such compliance to uniqueness in self-efficacy measurement is often ignored in
educational research. The specificity of content relates to how precisely an efficacy
measure relates to the criteria tasks on which achievement is assessed. Pajares proposed
that self-efficacy beliefs should be measured at the specificity level that matches the
requirements task. This specificity might mean measuring self-efficacy for individual
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statistics problems, particular geometry problems, etc. There are two direct concerns with
measurement correspondence at this level. First, it seems questionable that a student with
high self-efficacy for one statistics problem would have low self-efficacy for another
statistics problem. Second, self-efficacy measurement at such a specific level may mean
that every self-efficacy investigation requires a tailored instrument.
A more likely situation concerning mathematics self-efficacy patterns might be
that pupils with high self-efficacy for statistics per se could have either low or high selfefficacy for, say, geometry or another mathematics area. On the other hand, a pupil might
have either high or low self-efficacy across the mathematics field. Thus, mathematics
self-efficacy might best be evaluated by adherence to domain correspondence rather than
specific task correspondence. Scores on such a scale might show a unifactorial structure
for mathematics or disclose a structure that discerns statistics from geometry or fractions
and decimals from geometry. Establishing what specificity prevails to advise effective
treatments (e.g., teaching, counseling) and future investigation applications are crucial.

Likert Scale
The literature on self-efficacy scales has led to inconsistent recommendations for
measurement. This variation is partly due to contextual (e.g., domain, population)
differences across studies and the specific measurement approach used (e.g., classical test
theory, factor analysis, and generalizability theory). In research by Toland and Usher
(2016), a Rasch modeling method was used to assess the utility of two response scale
presentations to measure middle school students’ mathematics skills self-efficacy. The
results show that early adolescents’ responses to two scales—a 100-point scale suggested
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by Bandura (2006) in his Guide for Constructing Self-Efficacy Scales and a 6-point
response scale regularly used in educational psychology research—are condensed into
four categories. After adjustments, the optimal number of response scale points was not
equal to the number of rating scale points presented to early adolescents on the original
version of the two self-efficacy forms. This finding suggests that more than four
categories are not ideal for this age group. Toland and Usher’s results are consistent with
Smith et al. (2003). The latter found that upper elementary pupils used four categories
despite being given a 0 to 100 response scale in 10-unit increments to measure their
writing self-efficacy. Furthermore, self-efficacy data from two independent samples
condensed into four categories offers preliminary evidence of stability and
generalizability.
One plausible explanation for this discovery is that when pupils judge what they
can do, their judgment boils down to four uncomplicated categories: I cannot do this, I’m
not sure that I can do this, I am pretty sure I can do this, I can definitely do this. Perhaps
children’s efficacy judgments are not more nuanced than that. Another explanation is that
early adolescents’ working memory capacity is restricted to three to five categories, and
offering more response choices induces an unnecessary cognitive burden (Cowan, 2010).
As noted, it could be that the better one’s level of expertise, the greater one’s capability to
make more fine-tuned self-judgments. Older pupils (e.g., undergraduates and graduates)
who are more acquainted with the demands of a given academic domain, such as
mathematics, might be better prepared to make more nuanced judgments about their
abilities to handle those demands (Weil et al., 2013). On the other hand, domain expertise
is not the only feature that explains whether persons think of their efficacy in more
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complex terms. Individuals who enjoy a heightened awareness of themselves and their
capacities may make more nuanced appraisals of what they can do.
Persons might ask whether there is a practical benefit to a 4-point scale over a 6point range. I believe there is a benefit. Most noticeably, providing early adolescents with
fewer response categories reduces their cognitive load and thus increases the possibility
of completing surveys. Additionally, findings suggest that scholars may not gain, and
may indeed lose, in their understanding of self-efficacy and its correlates when using
response scales that comprise too many categories (Toland & Usher,2016). Including
more than four categories or too many categories on a self-efficacy response scale might
lead to unsystematic measurement error or less data (Smith et al., 2003) and possibly
correlations and effect sizes that may be misleading. Given these results and the findings
of Embretson (1996) and Kang and Waller (2005), we might speculate that results would
be misleading in inflated correlations and effect sizes.
Toland and Usher (2016) recommend that investigators studying self-efficacy and
related motivation paradigms with early adolescents use the approach they used in
Assessing Mathematics Self-Efficacy: How Many Categories Do We Really Need?, and
by Smith et al. (2003) for enhancing the number of rating categories of instruments. This
method increases the reliability and validity of group and individual-level inferences. A
secondary finding from Toland and Usher’s study was that categories in the middle of the
response scale tend to collapse more often than those near the anchor labels. This finding
suggests that labeling each response selection, not just the endpoints, might help escape
ambiguity in the meaning of response categories. Leaving unlabeled categories may
present error, “as the meanings of these unlabeled intermediate categories must be
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formed by each individual, leading to undesirable response sets” (Smith et al., 2003, p.
387).
Furthermore, findings suggest that while fewer categories could increase the
validity of early adolescents’ responses, collapsing too many categories results in a loss
of separation and reliability and is not optimal. Likewise, too many categories can present
an avoidable measurement error (Smith et al., 2003). Whatever their analytical choice,
researchers should remember that the inferences drawn about a construct such as selfefficacy are only as reasonable as the measurement instrument used to reflect that
construct. Therefore, it is recommended that researchers provide empirical evidence for
the response scale used to improve statistical conclusions and construct validity.

Interrelationships among Mathematics Self-Efficacy, Sources of Mathematics SelfEfficacy, and Academic Achievement
Students come across misconceptions about mathematics in everyday life. I have
often listened to students and parents making unfavorable claims about their math
abilities in my thirty-six years of teaching primary school students. The ease with which
persons make statements about their inability to do math makes it socially acceptable to
not be good at math and delivers the message to students that its ok to be bad at math
(Provasnik, Kastberg, Ferraro, Lemanski, Roey, & Jenkins, 2012). The contrasting
perception of math is seen in countries like China and Taiwan, which outscore the United
States and other western countries on international benchmarking assessments (Provasnik
et al., 2012). Wei and Eisenhart (2011) found a considerable difference in the opinion of
mothers towards their child’s mathematics abilities in a study of 15-year-olds conducted
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in the United States and Taiwan. They detected a substantial difference in mothers’
opinions about their child’s mathematics abilities. Asian mothers considered that
mathematics academic achievement resulted from effort, while American mothers
presumed it resulted from intelligence or innate ability. The opinion of U.S. mothers
influences their children, who also believe they require a natural ability to be good at
math (Provasnik et al., 2012). The Trends in International Mathematics and Science
Study (TIMSS) results of 2011 show that Taiwan ranked 3rd, with a score of 609, while
the United States ranked 9th, with 509 for the 8th-grade mathematics assessment
(Provasnik et al., 2012). There are also differences in how the students in both countries
are educated. Asian students spend many more hours at school receiving tutoring,
especially math, than American students (Wei & Eisenhart, 2011).
There is a common belief that some students cannot do math and that math is not
essential (Schmidt, 2012). Fredricks & Eccles, 2002 reported a decline in the perception
of one’s capabilities to do math as early as first grade persisting through grade twelve.
Students may believe they were not born to do math or were too stupid to learn it.
(Adelson & McCoach, 2011).
But, by fifth and sixth grade, students begin to think that everyone can learn math
and that low achievers result from an absence of effort—the significance of students’
relationship with mathematics changes over time. Student perceptions of the significance
of mathematics decrease from grades three through nine but rise again from classes ten
through twelve as they consider their future educational and employment paths (Fredricks
& Eccles, 2002).
There is a bit of tension in the literature concerning attitude and attainment in
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mathematics. Lipnevich, MacCann, Krumm, Burrus, and Roberts (2011) show that
cognitive and attitudinal factors are crucial for mathematics success. They state that
attitudes towards mathematics explain 25-32% of mathematics grade variance and
perceived behavior control. They found that the more favorable a student’s perception,
the more likely they will do well. Subjective norms refer to the social burdens existing in
the learning environment. Perceived behavioral control denotes the degree to which a
person has confidence that they can perform a specific behavior.
In contrast, Ma and Kishor (1997) discovered a weak positive association between
mathematics attitude and mathematics achievement. Their meta-analysis indicates a “not
significant” or “significant to not strong” effect size. Their overall stated effect size was
0.12, which according to Hattie (2009), is produced if the student did not attend school,
in which case the progress or maturation of the student alone would account for this
outcome. Ma and Kishor’s (1997) analyzed the cause-and-effect correlation between
attitude and mathematics achievement. Attitude toward math produced an effect size of
0.08 in mathematics achievement, while the reverse relationship showed an insignificant
impact.
Sullivan, Tobias, and McDonough (2006) claimed that attainment does not predict
a student’s orientation toward learning math. They wrote that even students who are
successful in mathematics choose not to engage; they proposed that this is caused by the
social pressures in the classroom, which shows how the school’s culture contributes to
students’ persistence and effort. Iben (1991) discovered that the intrinsic motivation to
study math is established in the early middle school years. Nevertheless, she went on to
say that internal drive was a substantial predictor of mathematics achievement for boys
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aged 13 and 14; it was not for girls of that age range. However, Ma and Kishor (1997)
correlate drive to attitude and achievement at several ages or grade levels. The
association was not stable at the elementary level. Still, at the secondary level, the effect
was robust enough for practical consideration, with the junior high period being the most
important.
Mathematics self-efficacy and mathematics achievement are correlated (Ayotola
& Adedeji, 2009; Bandura, 1993; Bouffard, Boileau, & Vezeau, 2001; Hackett & Betz,
1989; Khezri azar, Lavasani, Malahmadi, & Amani, 2010; Liu, 2009; Pajares & Graham,
1999; Pajares & Miller, 1994; Puklek Levpuscek, Zupancic, & Socan, 2013; Stevens,
Olivarez, Jr., Lan, & Tallent-Runnels, 2004; Usher & Parajes, 2008; Zimmerman, 2000).
Mathematics self-efficacy is an essential predictor of future mathematics achievement
(Hackett & Betz, 1989; Chen, 2003; Stevens, Olivarez, Jr., Lan & Tallent-Runnels,
2004). Students with high mathematics self-efficacy care about more profound learning
styles and avoid surface learning (Khezri azar, Lavasani, Malahmadi, & Amani, 2010;
Ayotola & Adedeji, 2009). This more profound learning or “learning for understanding”
allows for transfer between learning situations and, subsequently, more excellent
mathematics academic achievement.
Bandura (1993) noted that students with high self-efficacy would have a higher
proportion of accurate math solutions when compared to students with low self-efficacy
at all ability levels. In comparing 15-year-old students from the United States and Hong
Kong, Liu (2009) discovered that mathematics self-efficacy was the most significant
predictor of mathematics achievement in both countries, according to the 2003
Programme for International Student Assessment (PISA) results. Mathematics self57

efficacy was also positively correlated with the final grades earned in a mathematics
assessment, as Puklek Levpuscek, Zapancic, and Socan (2013) determined.
An investigation has also revealed no significant difference in males’ and
females’ mathematics attainment or mathematics self-efficacy (Ayotola & Adedeji,
2009). Females display a weakness in mathematics self-efficacy and mathematics in
general, but they do not show weakness in specific and contextual mathematics. Students
who self-regulate their mathematics learning will nurture their mathematics self-efficacy
beliefs (Usher, 2009). The correlation between mathematics self-efficacy and
mathematics achievement is evident.
If self-efficacy in mathematics drops, so too can attainment in mathematics.
Teachers play a crucial role in promoting student self-efficacy in mathematics,
influencing students’ mathematics achievement (Kitsantas, Cheema, & Ware, 2011;
Puklek Levpuscek, Zupancic, & Socan, 2013). By emphasizing mastery, being insistent
on understanding, and permitting time for students to explore thoughtful and meaningful
problems, teachers provide the opportunity to augment student self-efficacy (Puklek
Levpuscek, Zupancic, & Socan, 2013). When teachers regulate homework according to
the available resources, they improve individual students’ self-efficacy (Kitsantas,
Cheema, & Ware, 2011). Parents also promote self-efficacy by providing as many
homework resources as feasible and enabling the homework process. Teachers and
parents can positively impact mathematics academic achievement by consciously
attending to mathematics self-efficacy.
While many factors impact students’ success, low academic achievement is often
linked to self-efficacy by many contemporary education researchers (Gushue, Clarke,
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Pantzer, & Scanlan, 2006; Witherspoon, Speight, & Thomas, 1997). The four
hypothesized self-efficacy antecedents have revealed that self-efficacy is a robust
predictor of pupils’ mathematics success (Luzzo, Hasper, Albert, Bibby, & Martinelli,
1999). Self-efficacy and the consequent outcome expectations impact motivation and
persistence in facing challenges and adversity (Pajares, 1997). These views regulate how
people think, feel, motivate, and behave (Pajares, 1997). Persons with low self-efficacy
tend to shy away from demanding tasks beyond their capabilities (Bandura, 1986).
Likewise, persons with high self-efficacy enthusiastically take part in these challenges
because they are confident they can get the better of them (Bandura, 1986). The pupils’
self-efficacy plays a crucial role in their choices (Chen & Zimmerman, 2007; Pajares &
Miller, 1997) in that pupils will be drawn toward and have a positive attitude toward
events in which they have the self-confidence to do well.

Summary
The purpose of this chapter was to review the literature applicable to the research
question of this study. Mathematics Achievement at the primary school level in Trinidad
and Tobago is determined by the Secondary Entrance Assessment (SEA) mathematics
component. Researchers have studied the many variables that may influence students’
low achievement in mathematics, both exogenous and endogenous variables. This study
focuses on the role of self-efficacy in mathematics achievement.
Several studies disclosed that self-efficacy is the best predictor of mathematics
achievement and attainment (Fast et al.., 2010; Ferrari & Parker, 1992; Lindley &
Borgen, 2002; Pajares & Kranzler, 1995; Pajares & Miller, 1994; Pajares, 1996; Schunk,
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1989, 1991; Siegel, Galassi & Ware, 1985; Stevens, Olivare, Lan & Tallent-Runnels,
2004). A few studies observed a positive correlation between self-efficacy and
achievement (Pajares & Graham, 1999; Randhawa, Beamer & Lundberg, 1993; Pajares,
1996; Peitsch, Walker & Chapman, 2003; Stevens et al., 2004).
Considerable research has been undertaken over the last twenty years to support
Bandura’s (1997) self-efficacy theory. The concepts of self-efficacy and its four sources,
derived from social cognitive theory, provided the foundation for the research and were
discussed in this section. The first concept discussed was self-efficacy, whose main idea
was how this self-evaluation of one’s abilities motivates behaviour, initiation, and
persistence (Bandura, 1977). It is a context-specific construct, varies across domains, and
is shaped by experience and environment (Bandura, 1978). This emphasis on selfefficacy is relevant as secondary and tertiary institutions are concerned about students
persisting in their academic programs.
The second and associated concept was the four self-efficacy sources: mastery
experiences, verbal persuasion, vicarious experiences, and physiological states. Each
source provides individuals with information for their self-appraisal, with a unique level
of influence per source and circumstance (Bandura, 1977). Bandura (1986,1997)
theorized that mastery experience is a reliable predictor of students’ self-efficacy across
academic domains and levels. Undoubtedly, students who interpret their past
achievements as successful will likely reinforce their self-efficacy beliefs. Less consistent
results have been reported for the other three sources. These inconsistent results are often
due to methodological complications such as low reliability of items on a particular scale,
combined scores that mask information from one source, or multicollinearity between the
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sources. What seems clear is that the contextual features at work across studies partly
determine how the sources have operated in diverse academic settings. Variances in the
sources’ predictive value depend on the domain in which the constructs are measured.
Their size and relationship with self-efficacy influence students’ group membership(s) or
academic ability indexes. It is yet too early to make general observations about the part
played by these contextual influences. Still, initial findings make evident the need for
future investigators to identify the various forces students contend with when forming
their self-efficacy beliefs.
The predictive power of each source may vary with different subjects. Thus, it is
essential to establish reliable self-efficacy measures in specific settings. The SMMSE
scale is a carefully designed and validated instrument to measure sources of self-efficacy
beliefs in mathematics with middle school students. A detailed outline of the
development of the SMMSE was included in this literature review. A look at the research
relevant to adolescents’ use of the Likert scale was also included. Toland and Usher
(2016) found a practical benefit to a 4-point scale over a 6-point range for an adolescent
sample. I believe there is a benefit. Most noticeably, providing early adolescents with
fewer response categories reduces their cognitive load and thus increases the possibility
of completing surveys.
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CHAPTER 3
METHODOLOGY
Introduction
The purpose of the study is to determine if and to what extent relationships exist
among mathematics self-efficacy, its four antecedent sources (mastery experiences, social
persuasion, vicarious experiences, physiological states), and mathematics achievement in
standard five primary school students in the North-Eastern Education District in Trinidad.
Mathematics self-efficacy and the four antecedent sources (mastery experiences, social
persuasion, vicarious experiences, physiological states) have been examined in
connection to mathematics achievement in traditional learning settings in the United
States. Still, they have not been directly discussed in the context of primary school
students in Trinidad. Chapter 3 presents this study's educational problem and the research
questions to examine that problem. Previous investigations have advised future studies
into self-efficacy and academic learning to focus on epistemology (Aktürk, 2014), of
which self-efficacy is an essential part (Johnson, 2011), and to study several
characteristics of self-efficacy rather than concentrating on a particular element (Shen et
al., 2013), which will be fulfilled in the current study by exploring all of the antecedent
sources of self-efficacy, which has not yet been done for a Trinidad primary school
sample.
This study's methodology and design describe the population, sample, and
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instrumentation. This chapter also discusses the methods for data collection and data
analysis. Finally, the chapter will close with a summary explaining what the final two
chapters will cover.

Research Questions
The questions guiding the investigation are as follows:
1. What are the levels of mathematics self-efficacy among primary school students?
2. What are the sources of mathematics self-efficacy among primary school students
in Trinidad and Tobago?
a. Do the sources of mathematics self-efficacy among primary school
students in Trinidad and Tobago vary by school type?
b. Do the sources of mathematics self-efficacy among primary school
students in Trinidad and Tobago vary by age?
c. Do the sources of mathematics self-efficacy among primary school
students in Trinidad and Tobago vary by gender?
d. Do the sources of mathematics self-efficacy among primary school
students in Trinidad and Tobago vary by ethnicity?
3. To what extent do mathematics self-efficacy and mathematics self-efficacy
sources explain mathematics performance among primary school students?
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Research Design
This study employs a correlational design to test the null hypothesis associated
with the research questions. A correlational research design is suitable for analyses to
determine the significance of the association between explanatory and response variables
(Creswell, 2014). Additionally, Fraenkel et al. (2012) noted that correlational studies are
suitable for determining the associations among variables. This research examines the
association among the four antecedent sources of mathematics self-efficacy, mathematics
self-efficacy (i.e., the explanatory variables), and mathematics achievement (i.e., the
response variable). Creswell (2014) indicated that this distinctive study design had given
rise to well-defined analysis methods and precise methods for categorizing correlations.
A correlational research design is suitable for evaluating how two or more values change,
measured at a particular time. Scholars who use this kind of correlational design are not
concerned about persons' past or future achievements in the study (Creswell, 2014).
Additionally, a correlational research design is suitable when examining the
amount of association among variables instead of any causal extrapolation (Creswell,
2014). As this investigation does not intend to describe the cause-and-effect association
between the explanatory and response variables, but the amount of association that the
four antecedent sources of mathematics self-efficacy had with primary students'
mathematics self-efficacy and achievement on the math component of the SEA, a
correlational design was the best option. Additionally, this study's research design used
cross-sectional surveys, allowing the researcher to gather data at one point to investigate
recent primary school students' existing thoughts, opinions, attitudes, or procedures
regarding mathematics (Creswell, 2014).
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This research study employed two survey instruments for information collection,
which go with a correlational research design (Edmonds & Kennedy, 2016). The
instruments that made up the surveys to be administered to the sample were similar to
those used in comparable studies (D'Lima et al., 2014; Fong & Krause, 2014; Honicke &
Broadbent, 2016; Joet et al., 2011; Lin, 2016; Zelenak, 2015). Mathematics self-efficacy
was measured using a content-specific instrument designed to reflect the content of the
SEA curriculum. The four antecedent sources of mathematics self-efficacy were
evaluated with a modified form of the Sources of Self-Efficacy in Mathematics Scale
(SSEMS); the Likert scale was changed from 6 to 4. Finally, the survey collected the
score on a Secondary Entrance Assessment to measure mathematics assessment. This
study examined the possible influence of students' mathematics self-efficacy sources on
mathematics self-efficacy and mathematics achievement.

Population and Sample
This study's general population was primary school students in the North Eastern
Education District in Trinidad and Tobago since that is the context in which mathematics
self-efficacy and its four sources have not yet been studied. Data were collected from
standard five (sixth grade) primary school students in four primary schools, two
government primary schools, and two denominational primary schools; these schools are
located in the North-Eastern Education District in Trinidad. The research sample included
only regular education students; special-education students were excluded. This
convenience sample of standard five students served as data to answer the research
questions. All standard five students from selected schools in this district were invited
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and encouraged to participate. Before data collection, a consent form was sent to all
parents, briefly describing the study and seeking consent for the students to participate.
An attempt was made to secure the participation of at least 200 students of the said
population. Sampling is limited only by parental consent.
Since this research investigates an association among the variables and not a
causal declaration, a convenience sampling procedure was used to enlist participants for
the study (Etikan, Musa, & Alkassim, 2016. Convenient sampling gathers data from
available members and those wishing to respond. Convenience sampling, however, is
regarded as a weak method of sampling because the chosen students in this study will be
different from students in schools in other Education Districts, thereby limiting the
application of the results (Gravetter & Forzano, 2018).

Instrumentation
This correlational study's instrumentation included the Sources of Middle School
Mathematics Self-Efficacy Scale (SMMSE), a content-specific Self-Efficacy Scale, and
the Secondary Entrance Assessment (SEA) mathematics component to measure
mathematics attainment. The survey measuring the sources of mathematics self-efficacy
used for this study has been adapted from the Sources of Middle School Mathematics
Self-Efficacy Scale (SMMSE). Usher and Pajares (2009) initially developed and used the
survey to measure middle school students' mathematics self-efficacy sources. The
SMMSE scale focuses on the four sources of mathematics self-efficacy hypothesized by
Bandura; the questions concentrate on mastery experiences, vicarious experiences, social
persuasion, and physiological states. The Likert Scale for the SMMSE scale was
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modified from a six-point scale to a four-point scale which is more appropriate for
primary school students. Studies (Smith et al., 2003; Toland & Usher, 2016) offered
tentative evidence that middle school students only use four scale points. The items on
the scales are best matched with adolescents with average to below-average mathematics
self-efficacy.
Mathematics self-efficacy was assessed using a content-specific self-efficacy
scale. Usher and Pajares (2009) designed a scale to assess mathematics skills selfefficacy for middle school students centered on the National Council of Teachers of
Mathematics (NCTM, 2000) guidelines. This scale was used effectively with middle
school students and demonstrated acceptable content validity and reliability (α = .95)
(Usher & Pajares, 2009). The researcher modified Usher and Pajares scale to incorporate
skills pursued in Standard 5 (Grade 6) to make the scale suitable for all participants in the
sample. The Assessment Framework for the Secondary Entrance Assessment 2021-2023
was used to select items in the existing scale and create new items based on what is
required for the Secondary Entrance Assessment.
A team of content experts in primary school mathematics evaluated the items to
confirm they would be comprehensible for standard four students (i.e., students younger
than participants in this study). They also confirmed that it contained the critical math
skills in the focused grade level, providing further content validity for this scale. The
Trinidad Mathematics Skill Self-Efficacy Scale (TMSSES) scale follows strict adherence
to both content and specificity, as Bandura (1997) proposed.
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Sources of Middle School Mathematics Self-Efficacy Scale (SMMSE)
The instrument selected for this research is the Sources of Middle School
Mathematics Self-Efficacy Scale designed by Usher & Pajares (2009). Items are
composed as first-person declarations, and pupils are asked to rate each statement on a
scale from 1 (clearly untrue) to 4 (clearly true).
Mastery experiences come from accomplishing, for example, mastering a task or
controlling an environment, which will build self-belief in that area. In contrast, a failure
will weaken that efficacy belief. A robust sense of self-efficacy requires experience in
overcoming obstacles through effort and perseverance. Sample mastery items include: "I
make excellent grades on mathematics tests."
Vicarious experiences come from observing people around us, especially those
we consider role models. Seeing persons like ourselves succeed through sustained effort
raises our belief that we possess the competencies to master the activities needed for
success in that area. Sample vicarious items include: "Seeing children do better than me
in math compels me to perform better."
Social Persuasion comes from influential persons in our lives, such as parents,
teachers, managers, or coaches, who can reinforce the beliefs that we have what it takes
to do well. Being persuaded that we have the competencies to master certain activities
means that we are more likely to put in the effort and endure when problems arise.
Sample social persuasion items include: "People have told me I have an aptitude for
mathematics."
Your physiological states will influence how you judge your self-efficacy.
Depression, for example, can dampen confidence in our capabilities. Stressful reactions
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or tension are interpreted as signs of vulnerability to poor performances, whereas positive
emotions can boost our confidence in our skills. Sample physiological states items
include: "I'm getting depressed when I think of studying mathematics."
Each subscale contained six items. This scale was preferred for the current study
as it reflects Bandura's hypothesized four antecedent sources of self-efficacy and
demonstrates strong psychometric properties. Usher and Pajares (2009) reported
Cronbach's alpha coefficients as .88 for mastery experiences, .84 for vicarious
experience, .88 for social persuasion, also .87 for physiological states, demonstrating
satisfactory internal consistency. Usher and Pajares contended that the scale could be
reliably utilized to evaluate math self-efficacy antecedents with pupils in grades six to
eight.

Trinidad Mathematics Skills Self-Efficacy Scale – (TMSSE)
Bandura (1997) proposed that strict adherence to content and context specificity
in self-efficacy studies is compulsory to yield valid results. The specificity of content
relates to how precisely an efficacy measure relates to the criteria tasks on which
achievement is assessed. Pajares (2006) proposed that self-efficacy beliefs should be
measured at the specificity level that precisely matches the criteria task. This specificity
might mean measuring self-efficacy for individual statistics problems, particular
geometry problems, etc. There are two direct concerns with measurement correspondence
at this level. First, it seems questionable that a student with high self-efficacy for one
statistics problem would have low self-efficacy for another statistics problem. Second,
self-efficacy measurement at such a specific level may mean that every self-efficacy
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investigation requires a tailored instrument.
A more likely situation concerning mathematics self-efficacy patterns might be
that pupils with high self-efficacy for statistics per se could have either low or high selfefficacy for, say, geometry or another mathematics area. On the other hand, a pupil might
have either high or low self-efficacy across the mathematics field. Thus, mathematics
self-efficacy might best be evaluated by adherence to domain correspondence rather than
specific task correspondence. Scores on such a scale might show a unifactorial structure
for mathematics or disclose a structure that discerns statistics from geometry or fractions
and decimals from geometry. Establishing what specificity prevails to advise effective
treatments (e.g., teaching, counseling) and future investigation applications are crucial.
Thus, a self-efficacy scale that is specific to the content of the primary school content is
required for this research.
Usher and Pajares (2009) designed a scale to measure mathematics skills selfefficacy for middle school students centered on the National Council of Teachers of
Mathematics (NCTM, 2000) guidelines. This scale was used effectively by middle school
students and exhibited acceptable content validity reliability (α = .95) (Usher & Pajares,
2009). The researcher modified Usher and Pajares scale to incorporate skills pursued in
Standard 5 (Grade 6) to make the scale suitable for all members in the sample. The
Assessment Framework for the Secondary Entrance Assessment 2021-2023 was used as a
guide to select items in the existing scale and create new items based on what is required
for the Secondary Entrance Assessment. A team of content experts in primary school
mathematics also evaluated the items to confirm they would be reasonable for standard
four students (i.e., students younger than participants in this study). They also confirmed
70

that it included essential math skills in the focused grade level, providing further content
validity.
The Trinidad Mathematics Skills Self-Efficacy Scale (TMSSES) measured
students' belief in their abilities to work with specific mathematics concepts in Number,
Measurement, Geometry, and Statistics. These strands make up the mathematics
component of the Secondary Entrance Assessment. A team comprising three mathematics
SEA teachers examined 27 skills typically taught to middle school students in the original
survey and created an 18 items survey for the Trinidad sample. Fifteen items from the
original scale were used, and three items were added to the Trinidad scale specific to the
local mathematics content based on teacher feedback. Students rated their belief that they
could accomplish each task on a Likert-type scale from 1 (I cannot do this) to 4 (I can
definitely do this). The Likert Scale for the TMSSES was modified from a six-point scale
to a four-point scale which is more appropriate for primary school students, as shown in
results from studies (Smith et al., 2003; Toland & Usher, 2016). All items were read to
students to reduce any difficulties they may have had due to the above-average
reading level. Items for this scale are listed in Appendix B.

Mathematics Achievement
Mathematics standardized test scores were obtained from the Secondary Entrance
Assessment (SEA) mathematics component, the standardized test utilized within this
study's sample. The SEA is a standardized test administered to students in Standard five
(Grades 6) and measures achievement based on national core standards in written
expression, mathematics, and language arts. The mathematics portion of the SEA
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consists of four strands: Number, Measurement, Geometry, and Statistics. The
mathematics section is administered in a 75-minute segment with 45 questions. This
variable is based on 45 test items and is reported as a percentage on a continuous scale as
a range of values from 0 to 100 is plausible for each student.

Procedure
Before conducting this study, approval was obtained from The Office of
Institutional Review Board at Andrews University, Michigan. Following approval by the
Institutional Review Board, permission was requested from the Ministry of Education in
Trinidad to enter the selected schools to conduct the study; arrangements were made to
meet with the standard five teachers. Approximately two weeks before the anticipated
administration date, the standard five teachers were invited to participate, collect data,
and be trained in the collection procedure.
Data collection was conducted at four primary schools, two government and two
denominational, located in the North-Eastern Education District. Consent packets
consisting of a letter, an informed consent statement, and a consent form were sent home
with every student enrolled in the standard five (SEA) class. The letter introduced the
researcher to parents/guardians and briefly explained the study's purpose, including an
informed consent statement presenting the objective, procedures, risks, benefits, and
duration. Parents and guardians were advised that the survey had minimal risks. Breach
of confidentiality is a possible risk. However, participants' names were not used as
participants were assigned a unique number code.
The informed consent statement also informed parents and guardians that
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participation in this study was voluntary and that no compensation would be given.
Students and parents/guardians were also told that students would not be negatively
impacted by not participating in this study, such as lowered grades. Finally, a consent
form was provided, allowing parents and legal guardians to allow or deny their child's
participation. Packets were distributed to all Standard five teachers. Teachers sent the
packages home with students and provided daily reminders for students to return the
consent form. Teachers collected the consent forms and turned them in to the school
secretary.
The three instruments, the Trinidad Mathematics Self-Efficacy Scale
(TMSSES), the Sources of Middle School Mathematics Self-Efficacy Scale (SMMSE),
and the Secondary Entrance Assessment mathematics paper, were administered together.
Response bias was minimized by randomly assigning a unique number to each participant
(Bandura, 2006). Participants were informed that no one other than me would see or
access the self-efficacy scales. This restricted access included other students, teachers,
school staff, and parents. Pupils were also informed that their responses on the scale
would not influence their grades.
The administration date was determined before the 2021 SEA, and teachers were
provided with returned signed consent forms for each student. Teachers were given a
script to be read verbatim, providing an introduction explaining the testing purpose to the
students and instructions for each of the included instruments. The test was administered
for one 90-minute class period, 75 minutes for the mathematics assessment and 15
minutes for the self-efficacy scales. Participants who were missing on the day of the
instruments' administration were removed from the study. Once the instruments were
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administered, participants' information was entered into this study's data set.

Data Analysis
Exploratory Factor Analysis
Since the reliability and validity of the self-efficacy scale (research question one)
were not established, three SEA teachers were consulted to review and suggest changes
to provide content validation for the questionnaire. To further validate the questionnaire,
factor analysis was performed. A factor analysis tested the research questions and
assessed the scale's factor structure and internal consistency to determine factors
contributing to mathematics self-efficacy. There are several extraction methods used in
factor analysis; principal components analysis (PCA) is one of the most used (Hinkin,
1995; Huck, 2014; Pallant, 2013) and the most appropriate for data reduction (Fabrigar,
Wegener, Maccallum, & Strahan, 1999). The factors were rotated using Varimax rotation
to interpret the factor structure. Rotated factors simplify and clarify the data's factor
structure (Huck, 2014; Warner, 2013).
Exploratory factor analysis is a data reduction technique included in SPSS
(Pallant, 2013). Factor analysis reduces a large set of variables to groups of related
variables; the goal is parsimony (Huck, 2014; Warner, 2013). Factor analysis is a
statistical procedure used to develop and evaluate instruments (Huck, 2014; Pallant,
2013; Warner, 2013). This statistical procedure facilitates the classification of items into
the corresponding subscale and identifies items that are not congruent with any factor and
should be deleted (Huck, 2014; Warner, 2013).
The sample size should be 150 or greater (Hinkin, 1995; Pallant, 2013) and

74

minimally five cases for each variable to determine that the data are appropriate for factor
analysis (Pallant, 2013). The correlation matrix should also demonstrate correlations of r
= .3 or greater; the Kaiser-MeyerOlkin (KMO) measure of sampling adequacy should be
.6 or above. Bartlett's chi-square test of sphericity should be statistically significant at p <
.05 (Pallant, 2013). Once the factorability of the survey items was established, factor
extraction began.
Confirmatory factor analysis.
Bandura hypothesized four antecedent sources of self-efficacy: mastery
experience, social persuasion, vicarious experience, and physiological states. Therefore,
confirmatory factor analysis evaluated whether Bandua's hypothetical model fitted the
data collected from Trinidad SEA primary school students (research question two).
The aim of confirmatory factor analysis (CFA) is to ascertain the capability of a
pre-defined factor model to fit an observed set of data, e.g., to check if a predetermined
set of constructs influences responses in a predicted manner. This aim differs from the
goal of exploratory factor analysis (EFA), which attempts to detect the constructs'
underlying nature influencing the responses (DeCoster, 2003; Tabachnick & Fidell,
2007). There are several similarities between both CFA and EFA models. Both methods
are based on linear statistical models, and both tests are valid once parametric
assumptions are satisfied. Both models also include observed factors with latent
constructs, which may be employed to specify an existing instrument's underlying
dimensionality or identify factor validity by selecting scales or items to be included in a
measure (Grimm & Yamold, 1995).
The CFA's primary feature is its hypothesis-driven nature, which requires the
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researcher to understand the underlying factor structure a priori based on an
understanding of theory, empirical research, or both (Byrne, 2010). An EFA is intended
for situations where the relations between the observed and latent variables are unknown.
Therefore, using a CFA requires the specification of a model supported by theory or
previous research (a priori), including the number of factors and which items load on
each factor (Brown, 2006). In this study, the hypothesized sources of self-efficacy beliefs
in primary school mathematics comprised four latent variables: mastery experiences,
vicarious experiences, social persuasion, and physiological and affective state. Only these
four factors were specified in keeping with the theorized structure (Bandura, 1997). This
study's vicarious experiences and social persuasion from adults and peers were not
structured as separate factors, consistent with prior researchers' findings (Lent et al.,
1996; Usher & Pajares, 2009).
The second part of research question two addressed the differences between
selected student demographic groups and mathematics self-efficacy sources. A one-way
multivariate analysis of variance (MANOVA) was conducted to determine if differences
between the demographic groups existed. The groups were established based on gender,
school type, age, and ethnicity. The primary advantage of the MANOVA procedure was
the inclusion of multiple dependent variables (Mertler & Vannatta, 2010). Stevens (1992)
advocated for the use of multiple dependent variables when comparing groups to "obtain
a more complete and detailed description of the phenomenon under investigation…"
(p.152). The sources of mathematics self-efficacy were the dependent variables. Box's
test was utilized to test for homogeneity of variance. Bartlett's test of sphericity was used
to test that the correlation matrix was not an identity matrix and, therefore, suitable for
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MANOVA. For this study, separate multivariate analyses of variance were conducted for
each demographic group. The main effects for each demographic group on the factor
variables were analyzed as appropriate. Post hoc analysis was conducted to investigate
mean differences for sources determined to have significant effects among three or more
groups. This analysis determined where significant differences were found.

Structural Equation Modeling
Structural analysis.
Structural equation modeling (SEM) was used to investigate the causal structure
among unobserved constructs, each measured by observed indicator variables (Kline,
2011) (research question three). The confirmatory approach used by SEM enabled me to
impose an a priori structure among a set of latent variables. Not only does such an
analysis lend itself to being used for inferential purposes, but by imposing a set of a priori
relationships among the latent variables, I can hypothesize the causal impact of one latent
variable on another (Kline, 2011). A structural analysis consists of (1) a structural model
and (2) a measurement model. The structural model specifies the hypothesized causal
structure or latent variables' relationships. The measurement model defines the
relationships between the observed and latent variables (Kline, 2011).
This investigation is grounded on an existing social cognitive theory (Bandura,
1986, 1997) to frame its theoretical model. Moreover, the nature of the research questions
that this study attempts to answer makes it appropriate to use a quantitative methodology
(Creswell, 2014). Previous studies on self-efficacy associated with mathematic
achievement (Hailikari et al., 2008; Kalaycıoğlu, 2015; Kamalimoghadda, Tarmizi,
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Ayub, & Jaafar, 2016) utilized structural equation modeling (SEM) along with other
standard statistical procedures to formulate and test their theoretical models. Furthermore,
since SEM is specifically designed to investigate latent variables, this analytic technique
best suits this investigation's purposes.
Several computer tools are available to compute estimates and confirm SEM
models, including EQS, LISREL, MPLUS, and AMOS are the most common. AMOS
was the software utilized in this research since it has a comprehensive drawing
environment and is compatible with SPSS. AMOS Graphics allows investigators to
program in AMOS by drawing the model without knowing a long list of programming
commands to perform the data analysis (Blunch, 2013). The theoretical model is
illustrated in Figure 1.

Figure 3: The sources of Mathematics Self-Efficacy, Mathematics Self-Efficacy, and
Mathematics Achievement

78

Sources of Self-Efficacy as a Mediator
The self-efficacy as mediator model hypothesizes that self-efficacy information
mediates the relationship between the sources of mathematics self-efficacy and
mathematics achievement. Figure 3 displays the hypothesized self-efficacy as a mediator
model. This model relates one latent exogenous variable (sources of mathematics selfefficacy) to one latent endogenous variable, mathematics skills self-efficacy (mediator),
and one observed endogenous variable, mathematics achievement. The latent exogenous
variable (sources of mathematics self-efficacy) is measured by the observed variables
mastery experience, vicarious experience, social persuasion, and physiological states. The
Trinidad Mathematics Skills Self-Efficacy Questionnaire (Mathematics operations and
applications) measures the latent endogenous variable math self-efficacy. Math
achievement, the observed endogenous variable, is calculated using the students’ SEA
scores comprised of four strands (number, measurement, geometry, and statistics).
As displayed in Figure 3, a direct path links the latent exogenous variable (sources
of mathematics self-efficacy) to the latent endogenous variable (mathematics skills selfefficacy). A second path connects the latent endogenous variables (mathematics skills
self-efficacy) and the measured endogenous variable (mathematics achievement). A
direct path links the latent exogenous variable (sources of math self-efficacy) to the
measured endogenous variable (mathematics achievement).
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Summary
This study aimed to expand self-efficacy research by understanding and
quantifying the construction of pupil self-efficacy beliefs in mathematics. The chapter
explained the research methods and procedures employed with a convenient cluster
sample to respond to the three research questions. A Factor-analytical research design
was used in this study to determine whether the four-factor structure for the Sources of
Mathematics Self-Efficacy Scale exists in the Trinidad sample. Instrumentation
comprised a reliable and valid survey, the Sources of Middle School Mathematics SelfEfficacy Scale (SMMSES) (Usher & Pajares, 2009); a researcher-developed mathematics
self-efficacy scale, The Trinidad Mathematics Self-Efficacy Scale (TMSSES); and a
mathematics achievement scale. The survey data was analyzed through descriptive
statistics, structural equation modeling (SEM), exploratory factor analysis, confirmatory
factor analysis, and Pearson correlation coefficient. Responses from Surveys were
examined to create the instrument for Trinidad with a primary school population. The
study's three research questions will organize chapter 4's quantitative data analysis.
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CHAPTER 4
RESULTS
Introduction
This study aimed to examine whether, as social cognitive theory argues,
mathematics self-efficacy is a predictor of mathematics achievement and whether
mathematics self-efficacy mediates the relationship between the sources of mathematics
self-efficacy and mathematics achievement in a Trinidad sample. The chapter first focus
on the description of the sample, the demographics of this study, and the analysis of the
data collected. Unless otherwise specified, percentages are based on the number of
respondents reporting. The researcher then presented a report of the findings and the data
analyses. Only statistically significant results were discussed. The threshold for
significance, the acceptable probability for a substantial determination to have occurred
by chance, was set at α < .05.

Demographic Characteristics
The final research sample included 227 primary school students from four North
Eastern Education District primary schools. All participants completed the entire survey,
which resulted in no missing data. Table1 shows the demographic characteristics of the
participants. Specifically, the sample included 124 (54.6%) females and 103 (45.4%)
males aged 11-14. There were 75 (33%) 11-year-old, 100 (44.1%) 12-year-old, 46
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(20.3%) 13-year-old, and 6 (2.6%) 14-year-old. The average age of the participant was
11.93 years (SD= .80). The sample participants identified their Ethnicity as Africans
(19.4%), East-Indians (26.9%), Mixed (44.5%), or Other (9.3%). The students that
participated attended Government Schools (58.6%) and Denominational Schools (41.4%)
in the North-Eastern Education District in Trinidad.

Table 1
Demographic Characteristics of Participants (N =227)
N
Gender
Female
Male
Ethnicity
African
East Indian
Mixed
Other
Age
11
12
13
14
School Type
Government School
Denominational School
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%

124
103

54.6
45.4

44
61
101
21

19.4
26.9
44.5
9.3

75
100
46
6

33.0
44.1
20.3
2.6

133
94

58.6
41.4

Preliminary Analysis
Exploratory Factor Analysis
The Trinidad Mathematics Skills Self-Efficacy Scale (TMSSES) survey
instrument was conceptually designed to measure mathematics skills self-efficacy using
the mathematical components covered in the Secondary Entrance Assessment. I
performed Exploratory Factor Analysis (EFA) on the scale to determine if there is
empirical support for the conceptually developed dimensions of mathematics skills selfefficacy.
The Secondary Entrance Assessment's (SEA) mathematics component comprises
four strands: Number, Measurement, Geometry, and Statistics. These strands contain the
following mathematics concepts and skills: Addition with carrying; Subtraction with
borrowing; Multiplication with two-digit numbers; Division with two-digit numbers;
Changing between fractions, decimals, and percent; Adding and subtracting fractions;
Multiplication and dividing fractions; Word problems; Rounding and estimating; Solid
and Plane Shapes; Tables, charts, and diagrams; Time; Mean and mode; Explaining in
words how you solved a math problem; Finding perimeter, area and volume; Problems
with more than one step; and Doing quick calculations in your head.
In this study, the Kaiser-Meyer-Olkin (KMO) Measure of Sampling Adequacy
was used to determine if the inter-correlation matrix was appropriate for factor analysis
and indicated a result of .89. Schwarz (2011) mentioned that a desired .60 or higher is
suitable for factor analysis. In this sampling, 0.80 to 0.89 is considered meritorious;
therefore, .89 was ideal for EFA and this study.
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Bartlett's test of sphericity was used to test for multicollinearity. The results are
displayed in Table 2.

Table 2
KMO and Bartlett’s Test
Kaiser-Meyer-Olkin Measure of Sampling Adequacy.
Bartlett’s Test of Sphericity
Approx. Chi-Square
df
Sig.

84

.889
1262.406
91
.000

Two things are essential concerning the correlation matrix: The variables must be
intercorrelated, but they should not correlate too highly. Extreme multicollinearity and
singularity could cause difficulty in determining the variables' unique contribution to the
factor (Field, 2000). Bartlett's test in this study showed χ2 = 1487.349, df = 136, p ˂ .001,
indicating that the original correlation matrix was not an identity matrix and, therefore,
factor analysis was appropriate.
Following factor analysis using principal component analysis and principal axis
factor analysis using varimax and direct oblimin rotation, each factor solution was
evaluated to determine the number of variables loaded on each factor (Table 3).

Table 3
Number of factors extracted based on Eigenvalues and Scree plots
EFA Procedure

# of factors based on

# of factors based on

(17-item scale)

Eigenvalue > 1

Scree plots

PCA with Varimax

3

2

53.72

PCA with Oblimin

3

2

53.72

PAF with Varimax

2

2

47.32

PAF with Oblimin

2

2

47.32
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% of variance

The factorability of the R-correlation matrix was assessed based on the following
measures:
(a) verify that the item correlates with at least one other item at > .3. Items that
did not correlate with one another were omitted.
(b) The Kaiser-Meyer-Olkin measure of sample adequacy criterion was used to
decide if the suggested value of .6 was met. The (KMO = .89) (Appendix C) exceeded
the recommended value, indicating an excellent correlation to run the factor analysis to
determine what factors correlate to create the scales for mathematics skills self-efficacy.
(c) Bartlett's Test of Sphericity criterion was used to test the hypothesis that the
correlation matrix was an identity matrix. The correlation matrix was factor analyzed as if
it was not an identity matrix, and the significance level was less than .05. Bartlett's Test
of Sphericity shows that the variables are not significantly correlated (Meyers et al.,
2006).
(d) Communalities were examined to verify they were all > .3, indicating that
each item shares a common variance with other items.
(e) I also followed the threshold for factor loadings set forth by Hair, Tatham,
Anderson, and Black (1998), who suggest that a significant factor loading value is 0.30.
Similarly, Tabachnick and Fidell (2001) note that .32 is a good rule for identifying the
minimum loading of an item. I kept a factor loading cut-off of 0.30.
The initial Principal Component Analysis and Principal Axis Factor analysis with
varimax and Oblimin direct method rotation were conducted on the dataset to try and
establish the number of factors that needed to be extracted. The Principal Component
analysis produced three factors with Eigenvalues > 1, while the Principal Axis Factoring
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had two factors with Eigenvalues > 1 (Table 3).
The scree plots indicated two factors for both PCA and PAF (Appendix C). All
communalities were > .3 for the Principal Component Analysis (Appendix C), while 14
of the 17 communalities were > .3 for Principal Axis Factoring when two factors were
extracted, with Finding perimeter, area, and volume (.217), Problems with more than one
step (.263) and Doing quick calculations in your head (.245), < .3, confirming that 14
items shared some common variance with the other items. (See Appendix C).
Principal Axis Factoring with direct oblimin rotation was chosen as the most
appropriate method of factor reduction for this research because there was agreement in
the number of factors to extract using the eigenvalue ˃1 and the Scree plot along with the
assumption that there is a correlation between the variables,
The factor analysis was rerun with Finding perimeter, area, and volume (.217),
Problems with more than one step (.263), and Doing quick calculations in your head
(.245), omitted, making the structure clearer; direct oblimin rotation was also applied to
achieve a 'simple structure. The (KMO = .889) (Table 2) exceeded the recommended
value, indicating an excellent correlation to run the factor analysis to determine what
factors correlate to create the scales for mathematics skills self-efficacy. Bartlett's test in
this analysis showed χ2 = 1262.406, df = 91, p ˂ .001(Table 2), indicating that the
original correlation matrix was not an identity matrix and, therefore, factor analysis was
appropriate. One factor had an eigenvalue > 1, while the second was below 1 (.997).
(Table 4).
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Table 4
Total Variance Explained
Extraction Sums of Squared Rotation Sums of
Initial Eigenvalues
Loadings
Squared Loadingsa
% of Cumulative
% of Cumulative
Factor Total Variance
%
Total Variance
%
Total
1
5.801 41.438
41.438 5.260 37.571
37.571
4.421
2
1.490 10.641
52.080
.997
7.122
44.693
4.362
3
.906 6.471
58.551
4
.868 6.200
64.751
5
.747 5.334
70.085
6
.673 4.807
74.892
7
.624 4.455
79.347
8
.593 4.237
83.584
9
.552 3.943
87.528
10
.453 3.237
90.764
11
.395 2.824
93.588
12
.348 2.488
96.077
13
.297 2.121
98.197
14
.252 1.803
100.000
Extraction Method: Principal Axis Factoring.
a. When factors are correlated, sums of squared loadings cannot be added to obtain a
total variance.
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Figure 4: Scree plot-initial model

The scree plot indicated two factors (Figure 2), so a decision was made to retain
two factors. All communalities were > .3 (Table 5), and all variables had factor loadings
above the set value of .3.
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Table 5
Communalities
Initial Extraction
.571
.632

Addition with carrying
Subtraction with
.541
.561
borrowing
Multiplication with
.507
.485
two-digit numbers
Division with two-digit
.422
.383
numbers
Changing between
fractions, decimals, and
.368
.404
per cents
Adding and subtracting
.585
.574
fractions
Multiplying and
.516
.514
dividing fractions
Word problems
.448
.498
Rounding and
.458
.424
estimating
Solid and Plane Shapes
.309
.301
Tables, charts,
.470
.468
diagrams
Time
.338
.315
Mean and Mode
.403
.397
Explaining in words
how you solved a math
.313
.302
problem
Extraction Method: Principal Axis Factoring.
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The pattern matrix explained the two factors (Table 6). The items comprising
factor 1: word problems; changing between fractions, decimals, and percent; explaining
in words how you solve a math problem; multiplying and dividing fractions; division
with two-digit numbers; adding and subtracting fractions; mean and mode would suggest
naming the factor Mathematics Application as most of these items are used in problemsolving. The items comprising factor 2: adding with carrying; subtracting with
borrowing; tables, charts, diagrams; rounding and estimating, time; multiplications with
two-digit numbers; solid and plane shapes would suggest naming the factor mathematics
operation, as most of these items are rudimentary mathematics operations. (Table 6).
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Table 6
Pattern Matrixα
Factor
Word problems
Multiplying and
dividing fractions
Adding and subtracting
fractions
Changing between
fractions, decimals, and
per cents
Explaining in words
how you solved a math
problem
Mean and Mode
Division with two-digit
numbers
Addition with carrying
Subtraction with
borrowing
Tables, charts, diagrams
Rounding and
estimating
Time
Multiplication with
two-digit numbers
Solid and Plane Shapes

1
.783

2

.722
.717
.641

.485
.443
.424
-.879
-.771
-.630
-.573
-.516
.343

-.436
-.332

Extraction Method: Principal Axis Factoring.
Rotation Method: Oblimin with Kaiser Normalization.a
a. Rotation converged in 10 iterations.
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Reliability
Cronbach’s alpha for the mechanical operations subscale was .83 (Table 7), and
item-subscale correlations ranged from .50 to .67 (Table 8). The reliability of the
applications subscale was .82 (Table 7), with item-subscale correlations ranging from .49
to .66 (Table 9). Finally, the entire Trinidad Mathematics Skills Self-Efficacy Scale
(TMSSES) reliability was .88 (Table 7), with item-subscale correlations ranging from .46
to .67 (Table 10). No items were deleted, which would not have improved the scale’s
reliability. According to Hulin, Netemeher, and Cudeck (2001), the subscales’
reliabilities were good.

Table 7
Means, Standard Deviations, and Alpha Reliabilities on Scales (N=227)
Scale

No. of
Items

Trinidad Mathematics Skills Self-Efficacy Scale

M

SD

Cronbach’s
α

14

48.55 6.28 .88

Mechanical Operations

7

22.39 4.29 .83

Applications

7

26.16 2.61 .82

(TMSES)
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Table 8
Item-Total Statistics for Mathematics Applications subscale
Scale
Cronbach’s
Scale Mean Variance if Corrected
Squared
Alpha if
if Item
Item
Item-Total
Multiple
Item
Deleted
Deleted
Correlation Correlation
Deleted
Changing between
fractions, decimals,
and per cents
Adding and
subtracting fractions
Multiplying and
dividing fractions
Word problems
Mean and Mode
Division with twodigit numbers
Explaining in words
how you solved a
math problem

19.44

13.53

.57

.35

.81

19.00

13.69

.67

.51

.80

19.23

13.51

.63

.47

.80

19.48
18.81

12.92
15.10

.63
.57

.42
.36

.80
.82

19.09

14.21

.53

.33

.82

19.28

14.49

.50

.28

.82
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Table 9
Item-Total Statistics for Mathematics Operations subscale
Scale
Cronbach’s
Scale Mean Variance if Corrected
Squared
Alpha if
if Item
Item
Item-Total
Multiple
Item
Deleted
Deleted
Correlation Correlation
Deleted
Addition with
carrying
Subtraction with
borrowing
Tables, charts,
diagrams
Rounding and
estimating
Time
Multiplication with
two-digit numbers
Solid and Plane
Shapes

22.32

5.22

.66

.55

.78

22.32

5.48

.63

.52

.79

22.30

5.56

.63

.45

.79

22.41

5.15

.60

.38

.79

22.58

4.94

.50

.28

.81

22.53

4.76

.58

.39

.79

22.51

5.05

.48

.28

.81
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Table 10
Item-Total Statistics for the Trinidad Mathematics Skills Self-Efficacy scale
Scale
Cronbach’s
Scale Mean Variance if Corrected
Squared
Alpha if
if Item
Item
Item-Total
Multiple
Item
Deleted
Deleted
Correlation Correlation
Deleted
Addition with
carrying
Subtraction with
borrowing
Tables, charts,
diagrams
Rounding and
estimating
Time
Multiplication with
two-digit numbers
Changing between
fractions, decimals,
and per cents
Adding and
subtracting fractions
Multiplying and
dividing fractions
Word problems
Mean and Mode
Solid and Plane
Shapes
Division with twodigit numbers
Explaining in words
how you solved a
math problem

44.70

36.33

.52

.57

.87

44.70

36.63

.55

.54

.87

44.68

36.78

.56

.47

.87

44.80

35.82

.54

.46

.87

44.96

35.42

.46

.34

.87

44.92

34.17

.64

.51

.87

45.60

32.52

.56

.37

.87

45.15

32.49

.67

.59

.86

45.39

32.41

.62

.52

.87

45.64
44.96

32.04
34.37

.57
.60

.45
.40

.87
.87

44.90

35.27

.51

.31

.87

45.25

32.94

.58

.42

.87

45.44

33.68

.52

.31

.87
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Confirmatory factor analysis
The 24 items for the Sources of Middle School Mathematics Self-Efficacy
(SMMSE) scale were subjected to a Confirmatory Factor Analysis with the Trinidad
primary school sample. This study hypothesized sources of mathematics self-efficacy
beliefs in primary school mathematics included four latent variables: mastery
experiences, social persuasion, vicarious experiences, and physiological states. Only
these four variables were specified in keeping with the theorized structure (Bandura,
1997). Vicarious experiences and social persuasion from peers and adults were not
structured as separate factors for this study, consistent with prior researchers' findings
(Lent et al., 1996; Usher & Pajares, 2009). The model's variables comprised the 24 items
from the scale developed by Usher & Pajares as theorized by Bandura. Factor 1
comprised six mastery experience items; Factor 2 included six social persuasion items.
Factor 3, six vicarious experience items, and Factor 4, physiological and affective state
items. Confirmatory factor analysis was used to test whether the four-factor model fitted
the data collected from the Trinidad sample.
Thus, the sample variance-covariance matrix was analyzed using AMOS 21 with
the maximum likelihood (ML) minimization function. Multiple indices were used to
provide different information about the model fit (e.g., absolute, parsimony,
comparative). Goodness-of-fit was evaluated using the

test statistic, standardized root

mean square residual (SRMR), root mean square error of approximation (RMSEA),
comparative fit index (CFI), and the Tucker-Lewis index (TLI). Guided by
recommendations by Hu and Bentler (1999), an acceptable model fit will use the
following criteria:

(p ≤ 05), CMIN/DF< 2, RMSEA (≤.05, 90% Cl ≤ .05), SRMR (<
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.08), CFI (> .95), and TLI (> .95) (Table 18). These indices combined provided a more
conservative and reliable evaluation of the solution.

Figure 5: Measurement model for 24-item SMMES scale
A confirmatory factor analysis (CFA) was performed using Amos 21 to assess the
scale's factor structure. One of the assumptions of CFA is that variables are quantified at
the continuous level (Kline, 1998). The scale used a Likert scale with a range of 1-4. The
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measurement model, illustrated in Figure 5, showed a moderately acceptable model fit,
(246) = 403.251, p < .0001, CMIN/DF= 1.639, CFI = .937, TLI = .930, SRMR =
.0519, RMSEA = .053 (Table 11).

Table 11
Model fit Indices
MODELS

DF

p

CMIN/DF

CFI

TLI

SRMR

RMSEA

Cut-off
<.0001

<2

>.95

>.95

<.08

≤.05

values
MODEL 1

403.251

246

<.0001

1.639

.937

.930

.0519

.053

MODEL 2

346.381

238

<.0001

1.455

.957

.950

.0502

.045

Note: Model 1 had no modifications; Model 2 covariance between e 23 and e24 (Physiological States), e17
and e18 (vicarious experience); e14 and e15(vicarious experience); e14 and e16 (vicarious experience);
between e11 and e12 (social persuasion), between e9 and e10 (social persuasion); between e7 and e8
(social persuasion); and between e2 and e4 (mastery experience).
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Model diagrams, standardized and unstandardized factor loadings for the primary
school sample are reported below. All standardized factor loadings were significant at the
α = .01 level and ranged from .509 to .866 (Table 12).

Table 12
Standardized Regression Weights: (Group number 1 - Default model
ME1
ME2
ME3
ME4
ME5
ME6
VP1
VP2
VP3
VP4
VP5
VP6
P1
P2
P3
P4
P5
P6
PH1
PH2
PH3
PH4
PH5
PH6

<--<--<--<--<--<--<--<--<--<--<--<--<--<--<--<--<--<--<--<--<--<--<--<---

Mastery
Mastery
Mastery
Mastery
Mastery
Mastery
Social
Social
Social
Social
Social
Social
Vicarious
Vicarious
Vicarious
Vicarious
Vicarious
Vicarious
Physiological
Physiological
Physiological
Physiological
Physiological
Physiological

Estimate
.727
.808
.509
.633
.743
.723
.649
.739
.770
.720
.553
.539
.660
.777
.793
.637
.668
.656
.727
.660
.866
.800
.769
.770
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The four sources of self-efficacy showed inter-factor correlations ranging from
.282 (between social persuasion and physiological states) and .792 (between mastery
experiences and vicarious experience) (Table 13). The

test statistic showed a

significant difference between the data's hypothesized variance-covariance matrices vs.
variance-covariance matrices. The Chi-square test is quite sensitive to sample size;
however, it can test the difference in fit between a given over-identified model and a justidentified version (Kline, 2005).
Other goodness-of-fit indices would be expected to give more reliable measures.
Good fitting models should have CFI and TLI values greater than .95, SRMR values less
than .08, and RMSEA values less than .05. The RMSEA index and the SRMR value
indicated a robust model fit for this primary school sample, and CFI and TLI values
indicated a moderately good fit.

Table 13
Correlations: Self-efficacy subscales
Mastery
Social
Vicarious
Mastery
Social
Mastery

<-->
<-->
<-->
<-->
<-->
<-->

Social
Vicarious
Physiological
Vicarious
Physiological
Physiological

Estimate
.551
.614
.420
.792
.282
.495
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Care should be taken to alter the original model based on post-hoc analyses
because it could potentially lessen its validity across diverse samples. MacCallum,
Roznowski, and Necowitz (1992) cautioned: “When the original model fits well, it is
probably risky to modify it to attain even better fit because the modifications may simply
be fitting idiosyncratic characteristics of the sample” (p. 501). However, moderate values
on CFI and TLI indices indicate the model could be strengthened using post-hoc analysis
of modification indices (MI). The MIs for possible covariances for the present model are
selectively listed in Table 14.

Table 14
Modification Indices
e23
e17
e14
e14
e11
e9
e7
e2

<-->
<-->
<-->
<-->
<-->
<-->
<-->
<-->

e24
e18
e16
e15
e12
e10
e8
e4

M.I.
4.672
15.747
4.385
11.288
4.700
5.817
4.098
4.472

Par Change
.077
.149
-.067
.095
.077
.066
.056
-.059
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In reviewing the parameters in the covariance portion, eight parameters showed
relatively large values, representing the covariances between items PH5 and PH6 (e23
and e24: MI= 4.762), between P5 and P6 (e17 and e18: MI = 15.747), between items P2
and P3 (e14 and e15: MI = 11.288) between items P2 and P4 (e14 and e16: MI = 4.385),
between VP5 and VP6 (e11 and e12: MI= 4.700), between items VP3 and VP4 (e9 and
e10: MI = 5.817), between VP1 and VP2 (e7 and e8: MI= 4.098) and between ME2 and
ME4 (e2 and e4: MI= 4.472). These MI values represent misspecified error covariances,
which refer to systematic measurement errors in item responses. Such errors may come
from characteristics specific to the respondents’ items (Jöreskog & Aish, 1990). The
original measurement model was modified by adding a covariance between e23 and e24
(physiological states), e17 and e18 (vicarious experience); e14 and e15(vicarious
experience); e14 and e16 (vicarious experience); between e11 and e12 (social
persuasion), between e9 and e10 (social persuasion); between e7 and e8 (social
persuasion); and between e2 and e4 (mastery experience). Other relatively high MI were
on different variables and were not covaried.
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Figure 6 Modified Measurement model (2) for the 24-item SMMES scale.

Model 2 (Figure 6) combined these identified covariances into a single model,
significantly improving from the original. The measurement model, illustrated in Figure
6, showed an acceptable model fit,

(238) = 346.381, p < .0001, CMIN/DF= 1.455,
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CFI = .957, TLI = .950, SRMR = .0502, RMSEA = .045 (Table 11).
Again, MacCallum et al. (1992) warned against the over-modification of models
once a good fit has been achieved. Thus, no additional modifications were considered
since the modifications improved CFI and TLI indices to acceptable levels. Initial
analysis of the primary school sample's CFA results verifies the SMMSE scale's factor
structure with a new group of students. Factor I had six items with standardized loadings
ranging from .498 to .824, Factor II had six items ranging from .536 to .743, Factor III
had six items with loadings ranging from .638 to .761, and Factor IV had six items with
loadings ranging from .751 to .872 (Table 15). The correlations among the factors were
moderate to strong (.554, .634, .432, .794, .289, and .489) (Table 16).
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Table 15
Standardized Regression Weights: (Group number 1 - Default model)
ME1
ME2
ME3
ME4
ME5
ME6
VP1
VP2
VP3
VP4
VP5
VP6
P1
P2
P3
P4
P5
P6
PH1
PH2
PH3
PH4
PH5
PH6

<--<--<--<--<--<--<--<--<--<--<--<--<--<--<--<--<--<--<--<--<--<--<--<---

Mastery
Mastery
Mastery
Mastery
Mastery
Mastery
Social
Social
Social
Social
Social
Social
Vicarious
Vicarious
Vicarious
Vicarious
Vicarious
Vicarious
Physiological
Physiological
Physiological
Physiological
Physiological
Physiological

Estimate
.727
.824
.498
.664
.742
.718
.632
.740
.743
.689
.552
.536
.681
.755
.761
.661
.647
.638
.732
.665
.872
.800
.751
.751
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Table 16
Correlations: self-efficacy subscales (Group number 1 - Modified model)
Mastery
Social
Vicarious
Mastery
Social
Mastery

<-->
<-->
<-->
<-->
<-->
<-->

Social
Vicarious
Physiological
Vicarious
Physiological
Physiological

Estimate
.554
.634
.432
.794
.289
.489
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Reliability
Composite reliability, called construct reliability, measures internal
consistency in scale items, like Cronbach’s alpha (Netemeyer, 2003). It can be considered
equal to the total amount of true score variance relative to the total scale score variance
(Brunner & Süß, 2005). Alternatively, it’s an “indicator of the shared variance among the
observed variables used as an indicator of a latent construct” (Fornell & Larcker, 1981).
Thresholds for composite reliability are up for discussion; a reasonable point can
be anywhere from .60 and up, with different authors offering different threshold
suggestions. A lot depends upon how many items you have in your scale. Fewer scale
items tend to result in lower reliability levels, while higher numbers of scale items have
higher levels. In Scaling Procedures: Issues and Applications, Richard Netemeyer and
colleagues state that it’s “reasonable” for a narrowly defined construct with five to eight
items to meet a minimum threshold of .80.
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Table 17
Composite Reliabilities
Construct
Mastery
Experience

Social Persuasion

Vicarious
Persuasion

Physiological
States

Items
ME1
ME2
ME3
ME4
ME5
ME6
VP1
VP2
VP3
VP4
VP5
VP6
P1
P2
P3
P4
P5
P6
PH1
PH2
PH3
PH4
PH5
PH6

Standardized
factor loadings
.727
.824
.498
.664
.742
.718
.632
.740
.743
.689
.552
.536
.681
.755
.761
.661
.647
.638
.732
.665
.872
.800
.751
.751
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Composite
Reliabilities

0.81

0.82

0.85

0.89

The Composite reliability for the Mastery Experience subscale (M = 15.37, SD =
3.97) was .81. The Composite reliability for the Social Persuasion subscale (M = 14.54,
SD = 4.35) was .82, the Composite reliability for the Vicarious Experience subscale ( M=
18.93, SD = 3.75) was .85, Reliability of the Physiological States 9 M =16.30,, SD =
5.35) was .89 (Table 17).

Results
The results as they relate to the research questions are presented.
(1) What are the levels of mathematics self-efficacy among primary school students?
The mean, standard deviation, and skewness statistics for the two self-efficacy subscales
are reported in Table 18.

Table 18
Mean, Standard deviation and variance for the self-efficacy subscales
Scale Statistics Mathematics Operations
M
Var
SD
26.16
6.82
2.61

Scale Statistics Mathematics Application
M
Var
SD
22.39
18.43
4.29
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With a mean of 26.16 (SD=2.61), it appears students in this study have high selfefficacy for mathematics operations. And with a subscale mean of 22.39 (SD=4.29),
students rated themselves to have a medium level of self-efficacy for mathematics
applications. Item-level statistics for self-efficacy in mathematics operations are reported
in Table 19, and mathematics applications are in Table 20.

Table 19
Mathematics Operations-Descriptive Statistics
N
Addition with
carrying
Subtraction with
borrowing
Tables, charts,
diagrams
Rounding and
estimating
Time
Multiplication with
two-digit numbers
Solid and Plane
Shapes
Totals Subscale

Min

Max

M

S.D.

227

1.00

4.00

3.84

.46

227

2.00

4.00

3.84

.40

227

2.00

4.00

3.87

.38

227

1.00

4.00

3.87

.52

227

1.00

4.00

3.58

.66

227

1.00

4.00

3.63

.65

227

1.00

4.00

3.65

.63

3.74

.053

227
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%
97.8
98.7
98.7
96.9
92.5
93.4
94.3
96.04

Table 20
Mathematics Applications-Descriptive Statistics
N
Word problems
Changing between
fractions, decimals,
and per cents
Explaining in words
how you solved a
math problem
Multiplying and
dividing fractions
Division with twodigit numbers
Adding and
subtracting fractions
Mean and Mode
Totals Subscale

227

Min
1.00

Max
4.00

M
2.90

SD
1.00

227

1.00

4.00

2.95

.95

%
66.1
67.4

77.9
227

1.00

4.00

3.11

.85

227

1.00

4.00

3.16

.89

227

1.00

4.00

3.30

.87

227

1.00

4.00

340

.83

227
227

1.00

4.00

3.58
3.20

.66
1.63
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76.7
82.0
88.5
92.1
78.7

Student perceptions of their ability to perform basic math operations were positive
(M=3.74, SD=0.53). The total possible score for individual items in the subscale is 4. A
mean of 3.74 is interpreted as highly positive self-efficacy for that item. About 97.8% of
students (respondents) were pretty sure they can do ‘Addition with carrying’ (M=3.84,
SD = .46). Most students (98.7%) indicated they were pretty sure they could do
‘Subtraction with borrowing’ (M = 3.84, SD = 4.0). Students (98.7%) also believed that
they were pretty sure they could do ‘Rounding and estimating (M = 3.87, SD = 3.8).
Student perceptions of using math concepts were positive (M=3.2, SD=1.63). A
score of 3.2 indicates moderately positive self-efficacy. About 66.1% of students
(respondents) were sure they could do ‘Word problems’ (M=2.90, SD = .99). A moderate
number of the students (67.4%) indicated they were pretty sure they could do ‘Changing
between fractions, decimals, and percent’ (M = 2.95, SD = .95). 92.1% of the students
also expressed positive beliefs that they were pretty sure they could do ‘Mean and mode’
(M = 3.58, SD = .66).
(2) What are the sources of mathematics self-efficacy among primary school students
in Trinidad and Tobago?
a. Do the sources of mathematics self-efficacy among primary school
students in Trinidad and Tobago vary by school type?
b. Do the sources of mathematics self-efficacy among primary school
students in Trinidad and Tobago vary by age?
c. Do the sources of mathematics self-efficacy among primary school
students in Trinidad and Tobago vary by gender?
d. Do the sources of mathematics self-efficacy among primary school
students in Trinidad and Tobago vary by ethnicity?
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The mastery experience subscale had a mean score of 15.37 with a standard deviation of
3.97 (Table 21).
Table 21
Mean, Standard deviation, skewness and Kurtosis for SMMSE subscales
N
Mastery experience 227
Vicarious
227
experience
Social Persuasion
227

Mean
SD
15.37 3.97

Skew
Kurt
-.24
-.19

18.92

3.75

-.81

.82

14.54

4.35

-.24

-.51

Physiological states 227

16.30

5.35

-.16

-1.11
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Scores on this factor ranged from 6 to 24. The total possible score for this factor is
24, and a mean score of 15.37 is interpreted as a mildly positive perception. The vicarious
experience subscale scored 18.92 with a standard deviation of 3.75 (Table 21). Scores on
this factor ranged from 6 to 24. The total possible score for this factor is 24, and a mean
score of 18.92 is interpreted as a moderately positive perception. The social persuasion
subscale scored 14.54, with a standard deviation of 4.35 (Table 21). Scores on this factor
ranged from 6 to 24. The total possible score for this factor is 24, and a mean score of
14.34 is interpreted as a relatively neutral perception. The physiological states subscale
scored 16.30, with a standard deviation of 5.35 (Table 21). Scores on this factor ranged
from 6 to 24. The total possible score for this factor is 24, and a mean score of 16.30 is
interpreted as a mildly positive perception.
Table 22, representing perceptions of mastery experience and beliefs regarding
the students’ perception of past mathematics achievements, indicates a mildly positive
perception (M=2.56, SD=0.89).
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Table 22
Mean, standard deviation, % mostly true/ definitely true for Mastery Experience
Item

M

SD

%

I make excellent grades on math tests

2.64

.83

64.7

I have always been successful with math

2.60

.85

61.7

Even when I study hard, I do poorly in

2.63

1.06

51.5

2.31

.94

47.1

I do well on math assignments

2.77

.81

70.9

I do well on even the most difficult math

2.42

.86

50.2

2.562

.89

57.7

math
I got good grades in math on my last
report card

assignments
Subscales Total
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The total possible score for individual items in the subscale is 4. A mean of 2.56
is interpreted as a mildly positive perception for that particular item. About 64.7% of
students (respondents) indicated that it was mostly true or definitely true that they make
excellent grades on math tests ( M = 2.64, SD = .83). Most of the students (61.7%)
indicated that it was mostly true or definitely true that they have always been successful
with math (M = 2.60, SD = .85). Students (47.1%) also expressed that it was mostly true
or definitely true that they got grades in math on their last report card (M =2.31, SD =
.94).
Table 23, representing perceptions related to vicarious experiences and beliefs
regarding the students’ perception of their ability based on the achievements of others,
indicates a moderately positive perception (M=3.15, SD=0.86).
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Table 23
Mean, standard deviation, % mostly true/ definitely true for Vicarious Experience
Item

M

SD

%

Seeing adults do well in math pushes me

3.11

.89

80.2

3.22

.80

87.6

3.33

.86

85.5

3.04

.91

75.7

3.21

.82

83.3

I compete with myself in math

3.01

.88

76.7

Subscales Total

3.15

.86

81.5

to do better
When I see how my math teacher solves a
problem, I can picture myself solving the
problem in a similar way
Seeing kids do better than me in math
pushes me to do better
When I see how another student solves a
math problem, I can see myself solving
the problem in the same way
I imagine myself working through
challenging math problems successfully
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The total possible score for individual items in the subscale is 4. A mean of 3.15
is a relatively positive perception for that particular item. About 80.2% of students
(respondents) indicated that it was mostly true or definitely true that seeing adults do well
in math pushes them to do better (M = 3.12, SD = .89). Most of the students (87.6%)
indicated that it was mostly true or definitely true that when they see how their teacher
solves a problem, they can picture themselves solving the problem in a similar way (M =
3.22, SD = .80). Students (75.7%) also expressed that it was mostly true or definitely true
that when they see how another student solves a math problem, they can see themselves
solving the problem the same way (M =3.04, SD = .91).
Table 24, representing perceptions related to social persuasion and beliefs
regarding the students’ perception of their ability based on the encouragement of others,
indicates a relatively neutral perception. Student perceptions of social persuasion were
mildly positive (M= 2.42, SD=0.96).
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Table 24
Mean, standard deviation, % mostly true/ definitely true for Social Persuasion
Item

M

SD

%

My math teachers have told me that I am

2.66

.99

63.9

2.38

.96

49.4

2.57

.97

58.1

I have been praised for my ability in math

2.37

.90

48.9

Other students have told me that I’m good

2.28

.96

43.2

2.28

.96

43.6

2.42

.96

51.2

good at learning math
People have told me that I have a talent
for math
Adults in my family have told me what a
good math student I am

at learning math
My classmates like to work with me in
math because they think I’m good at it
Subscales Totals
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The total possible score for individual items in the subscale is 4. A mean of 2.43
is a mildly positive perception for that particular item. About 63.9% of students
(respondents) indicated that it was mostly true or definitely true their math teachers have
told them that they are good at learning math (M = 2.66, SD = .94). Most of the students
(58.1%) indicated that it was mostly true or definitely true that adults in their families
have told them what good math students they are (M = 2.57, SD = .97). Students (43.2%)
also expressed that it was mostly true or definitely true that other students have told them
that they are good at learning math (M =2.28, SD = .96).
Table 25, representing perceptions related to and beliefs regarding the students’
perception of their ability based on the anxiety experienced when doing math, indicates a
mildly positive perception (M= 2.71, SD=1.10).

121

Table 25
Mean, standard deviation, % mostly true/ definitely true for Physiological States
Item

M

SD

%

Just being in math class makes me feel

2.53

1.18

48.4

Doing math takes all of my energy

2.53

1.10

46.7

I start to feel stressed out as soon as I

2.77

1.09

61.2

2.67

1.10

57.3

2.97

1.07

68.7

2.83

1.08

58.1

2.72

1.10

56.7

stressed

begin my math work
My mind goes blank, and I am unable to
think clearly when doing math work
I get depressed when I think about
learning math
My whole body becomes tense when I
have to do math
Subscales Totals
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The total possible score for individual items in the subscale is 4. A mean of 2.71
is a moderately positive perception for that particular item. About 48.4% of students
(respondents) indicated that it was mostly true or definitely true that just being in math
class makes them feel stressed (M = 2.53, SD = 1.18). Most of the students (68.7%)
indicated that it was mostly true or definitely true that they get depressed when they think
about learning math (M = 2.97, SD = 1.97). Students (58.1%) also expressed that it was
mostly true or definitely true that their whole body becomes tense when they have to do
math (M =2.83, SD = 1.08).
A multivariate analysis of variance (MANOVA) was conducted to examine group
(school type, age, gender, and ethnicity) differences in the sources of self-efficacy. The
procedure involved four steps: (1) testing assumptions (normality, equality of variancecovariance matrices, and linearity). (2) When conducting the multivariate test, the
significance level was set at 0.05. (3) conducting follow-up univariate analysis with an
adjusted level of significance using Bonferroni correction (Green & Salkind, 2008); and
(4) pairwise comparison, if necessary.
2a. Do the sources of mathematics self-efficacy among primary school students in
Trinidad and Tobago vary by school type?
A MANOVA was conducted for the effect of school type on participants’
perceptions of mastery experience, vicarious experience, social persuasion, and
physiological states. Bartlett’s test in this study showed χ2 = 305.805, df = 9, p ˂ .001,
indicating that the original correlation matrix was not an identity matrix and, therefore,
MANOVA was appropriate. The Box’s test was not significant, indicating that
homogeneity of variance-covariance could be assumed, F (10, 188229) = .961, p = .475.
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Table 26 reports variable mean, standard deviation, and skewness statistics by school
type. The variables are deemed normally distributed with skewness statistics ranging
from -.10 to -1.12.

Table 26
School type mean, SD, Skewness
School Type
Denominational

Government

Variable
Mastery experience score
Vicarious experience
score
Social Persuasion score
Physiological states score

N
94
94

M
14.96
18.20

SD
3.96
3.68

Skew
-.28
-.43

94
94

13.73
16.13

4.27
5.31

-.12
-.25

Mastery experience score
Vicarious experience
score
Social Persuasion score
Physiological states score

133
133

15.66
19.44

3.97
3.73

-.22
-1.12

133
133

15.11
16.43

4.33
5.40

-.34
-.10
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Multivariate analysis of variances resulted in no significant difference between
government and denominational schools on a linear combination of the sources of
mathematics self-efficacy (Hoteling’s T=.03, F(4,222)=2.07, p=.086, η2 = .036). This
non-significant result suggests that sources of mathematic self-efficacy were similar
among students in government and denominational schools.
2b. Do the sources of mathematics self-efficacy among primary school students in
Trinidad and Tobago vary by age?
After re-coding, three of the initial four age groups were retained for the analysis.
Fourteen-year-old students had only six respondents. As a result, it was merged with the
thirteen-year-old students to create an age group of 13-14 years old.
Age group means and standard deviations are reported in Table 27. Skewness
statistics for each variable by group are also reported. All are within ±2 (George &
Mallery, 2003). The assumption for equality of variance-covariance matrices was met,
Box’s M=35.84, df(20,108784)=1.742, p=.021. Bartlett’s test (χ2 = 297.876, df = 9, p ˂
.001) indicated that the correlation matrix of the sources of mathematic self-efficacy
variables is not an identity matrix.
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Table 27
Descriptive Statistics for Age groups
Age
11
12
13-14

M
16.79
14.88
14.27

SD
3.64
4.09
3.67

N
75
100
52

Skew
-.52
.11
-.74

Vicarious experience
score

11
12
13-14

19.00
19.33
18.04

3.51
3.69
4.12

75
100
52

-.58
-.92
-.83

Social Persuasion score

11
12
13-14

15.53
14.23
13.69

4.14
4.32
4.52

75
100
52

-.43
-.01
-.34

Physiological states
score

11
12
13-14

17.75
15.64
15.50

5.08
5.29
5.50

75
100
52

.54
-.02
.11

Mastery experience
score
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The MANOVA for the effect of age group on participants’ perceptions of mastery
experience, vicarious experience, social persuasion, and physiological states was
calculated. Multivariate analysis of variance (MANOVA) indicated that there is a
statistically significant age difference in the linear combination of sources of mathematics
self-efficacy (Wilk’s Lambda=.090, F (8,442)=3.07, p=.002, η2=.053).
At α=.01, follow-up analysis using one-way analysis of variance (ANOVA)
indicated that age group differences were found only for mastery experience
(F (2,224) =8.01, p<.001, η2=.067). Pairwise comparison using the Bonferroni procedure
suggested that 11-year-olds (M=16.79, SD=3.64) reported significantly higher Mastery
Experience than 12-year-olds (M=14.88, SD=4.09) and 13-14-year-olds (M=14.27,
SD=3.67). There was no difference between 12-year-olds and 13-14-year-olds. There
were no significant differences in Vicarious Experience (F (2,224) = 2.07, p = .129,
η2=.018)., Social Persuasion (F (2,224)=3.26, p = .04, η2=.028). and Physiological States
(F (2,224)=4.20, p= .016, η2=.036). as a function of age.
2c. Do the sources of mathematics self-efficacy among primary school students in
Trinidad and Tobago vary by gender?
The MANOVA was conducted for the effect of gender on participants’
perceptions of mastery experience, vicarious experience, social persuasion, and
physiological states. Bartlett’s test in this study showed χ2 = 299.87, df = 9, p ˂ .001,
indicating that the original correlation matrix was not an identity matrix and, therefore,
MANOVA was appropriate. The Box’s test was not significant, indicating that
homogeneity of variance-covariance could be assumed, F F(10, 224121) = 1.542, p =
.117. Table 28 reports variable mean, standard deviation, and skewness statistics by
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gender. The variables are deemed normally distributed with skewness statistics ranging
from -.78 to .09.

Table 28
Gender-Descriptive Statistics

Mastery experience
score

Gender
Female
Male

M
15.02
15.79

SD
3.91
4.02

N
124
103

Skew
-.26
-.24

Vicarious experience
score

Female
Male

18.80
19.08

3.77
3.75

124
103

-.78
-.87

Social Persuasion score Female
Male

14.32
14.80

4.39
4.31

124
103

-.18
-.30

15.05
17.82

5.46
4.83

124
103

.09
-.38

Physiological states
score

Female
Male
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The MANOVA for the effect of gender on participants’ perceptions of mastery
experience, vicarious experience, social persuasion, and physiological states was
calculated. Multivariate analysis of variance (MANOVA) indicated that there is a
statistically significant gender difference in the linear combination of sources of
mathematics self-efficacy (Wilk’s Lambda=.932, F(4, 222)=4.079, p=.003, η2=.068).
At α=.01, follow-up analysis using one-way analysis of variance (ANOVA)
indicated that gender differences were found only for physiological states
(F(1,225)=16.05, p<.001, η2=.067). A comparison of means suggested that males
(M=17.82, SD=4.83) reported significantly higher physiological states than females
(M=15.05, SD=5.46). Physiological states were reverse-scored. (Table 30). There were
no significant differences in Mastery Experience (F (1, 225)=2.09, p= .015, η2=.009),
Vicarious Experience (F (1, 225)=.311, p= .578, η2=.001) and Social Persuasion (F
(1,225)=.666, p= .415, η2=.003) as a function of gender.
2d. Do the sources of mathematics self-efficacy among primary school students
in Trinidad and Tobago vary by ethnicity?
The MANOVA was conducted for the effect of ethnicity groups on participants’
perceptions of mastery experience, vicarious experience, social persuasion, and
physiological states. Bartlett’s test in this study showed χ2 = 305.544, df = 9, p ˂ .001,
indicating that the original correlation matrix was not an identity matrix and, therefore,
MANOVA was appropriate. The Box’s test was significant, indicating that homogeneity
of variance-covariance could not be assumed, F(30, 24255) = 1.436, p = .049. Table 29
reports variable mean, standard deviation, and skewness statistics by ethnicity. The
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variables are deemed normally distributed with skewness statistics ranging from -.06 to 1.28.

Table 29
Ethnicity-Descriptive Statistics

Mastery experience
score

Vicarious experience
score

Social Persuasion
score

Physiological states
score

Ethnicity
African
East
Indian
Mixed
Other

M
15.68

SD
4.35

N
44

15.54

3.87

61

15.51
13.57

3.88
3.65

101
21

-.27
-.24

African
East
Indian
Mixed
Other

19.61

3.58

44

19.13

3.38

61

-1.01
-.45

18.71
17.90

3.76
4.89

101
21

-.61
-1.28

African
East
Indian
Mixed
Other

15.30

4.5

44

14.56

4.28

61

-.48
-.40

14.30
14.05

4.18
5.01

101
21

-.09
-.06

African
East
Indian
Mixed
Other

15.66

5.61

44

17.08

5.23

61

-.10
-.22

16.47
14.62

5.27
5.37

101
21
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Skew
-.32
-.22

-.28
.61

Multivariate analysis of variances resulted in no significant difference among
African, East Indian, Mixed, and Other students on a linear combination of the sources of
mathematics self-efficacy (Pillai’s T=.061, F(12,666)=1.146, p=,320, η2 = .036). This
statistic suggests that sources of mathematic self-efficacy were similar among African,
East Indian, Mixed, and Other students.
(3) To what extent do mathematics self-efficacy and mathematics self-efficacy
sources explain mathematics achievement among primary school students?
Table 30 reports variable mean, standard deviation, and skewness statistics for
math achievement, mathematics operations, mathematics application, mastery
experience, vicarious experience, social persuasion, and physiological states. The
variables are deemed normally distributed with skewness statistics ranging from -.16 to 1.74.
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Table 30
Descriptive Statistics for Math achievement; Mathematics operations;
Mathematics applications; Mastery experience; Vicarious Experience;
Social persuasion; Physiological states

Math achievement
Mathematics
operations
Mathematics
applications
Mastery experience
score
Vicarious
experience score
Social Persuasion
score
Physiological states
score

N
227

M
46.11

SD
28.36

Skew
.23

227

22.39

4.29

-.63

227

26.16

2.61

-1.74

227

15.37

3.97

-.24

227

18.93

3.75

-.81

227

14.54

4.349

-.24

227

16.30

5.35

-.16
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Figure 7 Structural model of the Sources of Mathematics Self-Efficacy, Mathematics
Self-Efficacy, and Mathematics Achievement

As can be seen in Figure 7, the full path model, based on the data from 227
primary school students in Trinidad, under consideration for this study was made up of
the following components: (a) sources of math self-efficacy construct defined and
measured by four subconstructs (mastery experience, vicarious experience, social
persuasion, and physiological states); (b) mathematics skills self-efficacy construct
defined and measured by two subconstructs (mathematics operations, and mathematics
applications), and (c) the math achievement variable.
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Structural equation modeling (SEM) with Maximum Likelihood estimation
(MLE) was conducted to examine if the structural covariance matrix is equivalent to the
empirical covariance matrix. The SEM was conducted to investigate the hypothesis that
the sources of mathematics self-efficacy and mathematics skills self-efficacy predict
academic achievement in primary school students in Trinidad. It was also hypothesized
that mathematics skills self-efficacy mediated the relationship between the sources of
mathematics self-efficacy and mathematics achievement. The sources of mathematics
self-efficacy and mathematics skills self-efficacy were latent variables. Mathematics
achievement was a measured variable.
The model specified two direct paths: sources of mathematics self-efficacy to
mathematics achievement and mathematics skills self-efficacy to mathematics
achievement. There is an indirect path from the sources of mathematics self-efficacy
through mathematics skills self-efficacy (mediator) to mathematics achievement. The
measured variable of mathematics achievement, used as the outcome variable in the
model, was indicted by the students' SEA scores.
Fit indices demonstrated a statistically non-significant Chi-square with a value of
20.166, df = 12, p = .064, (CMIN/DF = 1.68) (Table 31), indicating this hypothesised
model fit our data because the Chi-square value is not substantial.

Table 31
Chi-square and Fit Indices of the Original Observed Model (N = 227)
Model

GFI

NFI

CFI

TLI

RMSEA

SRMR

CMIN/DF

Initial

.976

.959

.983

.970

.055

.033

1.68

Df = 12
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In addition, GFI = .976, NFI = .959, TLI = .970 and CFI = .983, (Table 31),
indicated a good fit because all values were greater than 0.9. Most importantly, RMSEA
(.055) and SRMR (.033) were less than the optimal fit of .08. Therefore, the dataset
confirmed the hypothesized model.
Structural path coefficients and their respective standard errors and test statistics
are presented in Table 32.

Table 32
Unstandardized and Standardized Statistics for Structural Model of the Sources of
Mathematics Self-Efficacy, Mathematics Self-Efficacy, and Mathematics Achievement
Variables
self-efficacy
MATHOPERATIONS
MATHAPPLICATION
PST
SPT
VET
MET
MATHACHIEVEMENT
MATHACHIEVEMENT

<--<--<--<--<--<--<--<--<---

sources
self-efficacy
self-efficacy
sources
sources
sources
sources
self-efficacy
sources

B
.97
1.00
.42
1.00
1.21
.77
1.36
.09
.83

β
.63
.96
.66
.50
.75
.55
.91
.01
.08

S.E.
.15

C.R.
6.47

P
***

.06

7.50

***

.17
.13
.18
.64
1.03

7.21
6.12
7.51
.14
.81

***
***
***
.89
.42

Note. Paths for demographic variables are included regardless of significance. *** p < .05.
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An examination of the findings reported in Table 32 indicates that the structural
path from the sources of mathematics self-efficacy to mathematics achievement (β = .08,
p ˃ .05) and the path from mathematics skills self-efficacy to mathematics achievement
(β = .01, p ˃ .05) are not significant. The portion of the model from the sources of
mathematics self-efficacy to mathematics skills self-efficacy (β = .63, p ˂ .05) was found
to be statistically significant. The standardized structural coefficient associated with the
path from sources of mathematics self-efficacy to mathematics self-efficacy was found to
be 0.63. The standardized structural coefficient from mathematics skills self-efficacy to
mathematics operations (.96) and mathematics applications (.66) was statistically
significant. The standardized structural coefficient from the sources of mathematics selfefficacy to mastery experience (.91), vicarious experience (.55), social persuasion (.75),
and physiological states (.50) was also statistically significant. The values indicate that
their respective latent constructs significantly represent the measurement variables.
The explained variances for the measurement variables are represented by their
squared multiple correlations (Table 33). The percentage of variance explained ranged
from .008 or 1% (Math achievement) to .927 or 92.7% (Math operations). The residual
(unexplained) variances are calculated by subtracting each explained variance from 1.
Hence, the residuals range from 7.3% to 99.2% for the measurement variables.
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Table 33
Squared Multiple Correlations for Structural Model of the Sources of Mathematics SelfEfficacy, Mathematics Self-Efficacy, and Mathematics Achievement
self-efficacy
MATHACHIEVEMENT
MET
VET
SPT
PST
MATHAPPLICATION
MATHOPERATIONS

Estimate
.40
.01
.84
.30
.56
.25
.43
.93

137

Figure 8: Structural Model of Sources of Mathematics Self-Efficacy and Mathematics
Achievement
Regarding model 2 (Figure 8), the fit indices demonstrated a statistically nonsignificant Chi-square with a value of 7.692, df = 5, p = .174, (CMIN/DF = 1.54) (Table
33), indicating this hypothesised model fit our data because the Chi-square value is not
substantial. In addition, GFI = .986, NFI = .973, TLI = .980 and CFI = .990, (Table 34),
indicated a good fit because all values were greater than 0.9. Most importantly, RMSEA
(.049) and SRMR (.026) were less than the optimal fit of .08. Therefore, the dataset
confirmed the hypothesized model.

Table 34
Chi-square and Fit Indices of Model 2 (N = 227)
Model

GFI

NFI

CFI

TLI

RMSEA

SRMR

CMIN/DF

Initial

.986

.973

.990

.980

.049

.026

1.54

Df = 12
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The direct influence of the sources of mathematics self-efficacy on math
achievement failed to achieve both practical and statistical significance. In the initial
model (with self-efficacy present), the path coefficient between self-efficacy to
achievement is .01 (non-significant). The path coefficient between the sources of selfefficacy and achievement is .08 (non-significant). Without self-efficacy in the model, the
path coefficient between the sources of self-efficacy and achievement remains the same
.08. These results suggest that self-efficacy does not mediate academic achievement
(Table 35).

Table 35
Unstandardized and Standardized Statistics for Structural Model of the Sources of
Mathematics Self-Efficacy and Mathematics Achievement
Variables
PST
SPT
VET
MET
MATHACHIEVEMENT

<--<--<--<--<---

sources
sources
sources
sources
sources

Estimate
1.000
1.340
.834
1.279
.848

β
.49
.81
.57
.85
.08

S.E.

C.R.

P

Label

.192
.138
.183
.785

6.981
6.065
6.993
1.080

***
***
***
.280

par_1
par_2
par_3
par_4

Note. Paths for demographic variables are included regardless of significance. *** p < .05.
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Summary of Major Findings
•

The Trinidad Mathematics Skills Self-Efficacy scale comprises two factors
explaining 52.08% of the variance.

•

Most respondents expressed confidence in their ability to perform the
Mathematics Operations items compared to the Mathematics Applications.

•

Cronbach’s alpha for the mechanical operations subscale was .83, and itemsubscale correlations ranged from .499 to .665. The reliability of the applications
subscale was .82, with item-subscale correlations ranging from .487 to .660.
Finally, the entire Trinidad Mathematics Skills Self-Efficacy Scale (TMSSES)
reliability was .88, with item-subscale correlations ranging from .462 to .669.

•

The measurement model for the SMMSE scale showed an acceptable fit.

2

(238)

= 346.381, p < .0001, CMIN/DF= 1.455, CFI = .957, TLI = .950, SRMR = .0502,
RMSEA = .045.
•

The Composite reliability for the Mastery Experience subscale (M = 15.37, SD =
3.97) was .81. The Composite reliability for the Social Persuasion subscale (M =
14.54, SD = 4.35) was .82, the Composite reliability for the Vicarious Experience
subscale ( M= 18.93, SD = 3.75) was .85, Reliability of the Physiological States
subscale (M =16.30,, SD = 5.35) was .89.

•

The percentage of students reporting that mastery experience items were true
ranged from 47.1% to 70.9%

•

The percentage of students reporting that vicarious experience items were true
ranged from 75.7% to 87.6%
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•

The percentage of students reporting that social persuasion items were true ranged
from 43.2% to 63.9%

•

The percentage of students reporting that physiological States items were true
ranged from 46.7% to 68.7%

•

There was no significant difference between Government Schools and
Denominational Schools (Hoteling’s T=.03, F(4,222)=2.07, p=.086, η2 = .036)
when considered jointly on the variables Vicarious Experience, Social Persuasion,
Physiological States, and Mastery experience.

•

There was a significant difference between 11-year-old, 12-year-old, and 13-14year-old students (Wilk’s Lambda=.090, F (8,442)=3.07, p=.002, η2=.053) when
considered conjointly on the variables Vicarious Experience, Social Persuasion,
Physiological States and Mastery experience.

•

There was a significant difference between 11-year-old, 12-year-old, 13-year-old
and 14-year-old students on Mastery Experience, F (2, 224) = 8.005, p ˂ .001,
2

partial ή = .067, with 11 year old (M = 16.79, SD = 3.64) scoring higher than 12
year old (M = 14.88, SD = 4.09), 13-14 year old (M = 14.27, SD = 3.67).There
was no significant difference between 11-year-old, 12-year-old, 13-14-year-old
2

students on Vicarious experience, F (2, 224) = 2.068, p = .129, partial ή = .018.
There was no significant difference between 11-year-old, 12-year-old and 13-142

year-old students on Social Persuasion, F (2, 224) = 3.262, p = .040, partial ή =
.028. There was no significant difference between 11-year-old, 12-year-old, and
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13-14 year old students on Physiological states, F (4,224) = 4.199, p = .016,
2

partial ή = .036.
•

There was a significant difference between females and Males (Wilk’s
Lambda=.932, F(4, 222)=4.079, p=.003, η2=.068) when considered jointly on the
variables Vicarious Experience, Social Persuasion, Physiological States, and
Mastery experience.

•

There was a significant difference between Females and Males on Physiological
2

States, F (1, 225) =1 6.05, p < .001, partial ή = .067, with Male (M = 17.82)
scoring higher than Female (M = 15.05). The Physiological States subscale was
reversed scored.
•

There was no significant difference between Female and Male on Vicarious
2

Experience, F (1, 225) = .331, p = .578, partial ή =.001. There was no significant
difference between Female and Male on Social Persuasion, F (1, 225) = .666, p =
2

.415, partial ή = .003. There was no significant difference between Females and
2

Males on Mastery Experience, F (1, 225) = 2.085, p = .150, partial ή = .009.
•

There was no significant difference between African, East Indian, Mixed and
2

Other, V = .061, F (12, 666) = 1.146, p = .319, partial ή = .020 when considered
jointly on the variables Vicarious Experience, Social Persuasion, Physiological
States, and Mastery experience.
•

The theorized model suggested that the model had a good fit to the data: (χ² (12) =
20.166, p = .064, CMIN/DF = 1.68, CFI = .983, TLI = .970, RMSEA = .055.
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•

The structural paths from the perceived sources of mathematics self-efficacy (β=
.08, p > 0.05) and mathematics self-efficacy (β= .01, p > 0.05) to mathematics
achievement were not statistically significant. However, the structural path
between perceived sources of mathematics self-efficacy to mathematics selfefficacy is statistically significant (β= .63, p < 0.05).

•

The structural paths between mastery experience and sources of mathematics selfefficacy (β= .91, p < 0.05), social persuasion and the sources of mathematics selfefficacy (β= .75, p < 0.05), vicarious experience and the sources of mathematics
self-efficacy (β= .55, p < 0.05) and between physiological states and the sources
of mathematics self-efficacy (β= .50, p < 0.05) were significant.

•

In the initial model (with self-efficacy present), the path coefficient between selfefficacy to achievement is .01 (non-significant). The path coefficient between the
sources of self-efficacy and achievement is .08 (non-significant). Without selfefficacy in the model, the path coefficient between the sources of self-efficacy
and achievement remains the same .08. These results suggest that self-efficacy
does not mediate academic achievement.

Summary
To provide validity evidence on the Trinidad Mathematics Skills Self-Efficacy
Scale (TMSSES) survey instrument (research question 1). Cronbach's alpha was utilized
as a measure of internal consistency. The two factors in the final model each contained
seven items, with Cronbach's alpha for the mathematics operations factor being .83 and
the mathematics applications factor being .82. The Reliability of the complete survey was

143

.88.
An exploratory factor analysis was conducted with these same fourteen items and
showed a two-factor solution was required by eigenvalue ˃ than one and a scree plot. The
pattern matrix resulting from an oblimin rotation showed all loadings within factors
greater than .424, except one item loaded on the mathematics application factor at .332.
This matrix provided evidence of good internal convergence within factors and good
internal discrimination between the factors.
This study also explored the psychometric properties of the Sources of
Mathematics Self-Efficacy Scale, a widely used instrument for assessing students'
sources of self-efficacy beliefs (Usher & Pajares, 2009) in a primary school Trinidad
sample. The results of the confirmatory factor analysis for testing Usher and Pajares'
(2009) four-factor model of sources of mathematics self-efficacy provided a good fit for
the data.
Usher and Pajares's (2009) four-factor model had good fit indices; the results of
the confirmatory factor analysis supported the four-factor model of sources of
mathematics self-efficacy. Usher and Pajares' model tested on primary school students
with chi-squared (238) = 346.381, p < .0001, CMIN/DF= 1.455, CFI = .957, TLI = .950,
SRMR = .0502, RMSEA = .045 fit indices. It was concluded that the four-factor model
for sources of mathematics self–efficacy best fits this sample. Unlike the samples used in
previous studies, the present study used a distinct cohort of primary school students, not
middle school students. In this study, the Sources of Mathematics Self-Efficacy Scale
studied on a primary school sample had good fit indices and supported the results of
Usher and Pajares (2009). In conclusion, this instrument can be used by researchers to
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evaluate primary school students' sources of self-efficacy.
This chapter summarises the data analysis used to examine the relationships
between and among the variables. The broad research question asked: "How do
mathematics self-efficacy and mathematics self-efficacy sources explain mathematics
achievement among primary school students? This question sought to determine if the
covariance matrix represented by the hypothesized model equals the covariance matrix of
the empirical covariance matrix. Structural equation modeling analysis showed that the
original model fit the data. The fit statistics confirmed that the initial model would fit the
observed data. Even though the fit indices reached the critical goodness of fit values, the
path coefficients between the latent variables sources of mathematics self-efficacy and
mathematics achievement and between mathematics self-efficacy and mathematics
achievement were not statistically significant. The path coefficient between the latent
variables sources of mathematics self-efficacy and mathematics self-efficacy was
statistically significant.
The final chapter shows a synopsis of the significant sections of the dissertation,
including a summary of the literature review, a restatement of the problem, the purpose of
the study, the research method, an overview of findings, and a discussion of the
significant findings and conclusions that were drawn from these findings. In addition,
limitations of the study are presented, recommendations and implications, and general
recommendations for future studies and practice are suggested.
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CHAPTER 5
SUMMARY, DISCUSSION, CONCLUSION, AND RECOMMENDATION
Purpose of the Study
The primary purpose of this study was to investigate mathematics self-efficacy,
the sources of mathematics self-efficacy, and mathematics achievement in primary school
students in Trinidad and Tobago. This study aimed to examine whether mathematics selfefficacy is a predictor of mathematics achievement and whether mathematics selfefficacy mediates the relationship between the sources of mathematics self-efficacy and
mathematics achievement.

Review of the literature
The relationship among the sources of mathematics self-efficacy, mathematics
self-efficacy, and mathematics achievement has not been researched in Trinidad and
Tobago with primary school students. Although the existing global research has provided
quantitative and qualitative data on how mathematics self-efficacy impacts mathematics
achievement, primarily with middle and high school students, there is little or no reliable
Caribbean data on this relationship.
Factors that Influence Achievement in Mathematics
Researchers have studied variables that may influence students' achievement in
mathematics (Cotton, 2003; Fennema, 2000). Specifically, researchers have focused on
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variables inside and outside of school that affect students' achievement, such as school
factors, self-concept, self-efficacy, attitude, attribution, motivation, peer variables, and
gender (Trends in International Mathematics and Science Study [TIMSS], 2015).
Variables that impact pupil achievement in mathematics are numerous and confounding.
Further, some variables are profoundly ingrained and stable, so quick or easy
modification is unlikely in many cases. This study's focus was on self-efficacy's influence
on mathematics achievement.
The role of self-efficacy and student academic achievement has been considered
numerous times through various research studies. After examining factors related to
academic achievement, even in the content area of mathematics, researchers have found
self-efficacy to be an essential construct when understanding student academic
achievement. According to Bong (2001), self-efficacy involves describing and evaluating
an individual's perceived intellectual abilities, often based on prior experiences or
achievements in a particular content area. Several studies show that self-efficacy beliefs
are significant predictors of academic achievement (Bong, 1998; Bong, 2001; Multon,
Brown, & Lent, 1991; Robbins et al., 2004). Also, several meta-analyses reveal a high
effect size of self-efficacy on academic achievement (Multon et al., 1991; Robbins et al.,
2004). High self-efficacy beliefs factor into higher academic achievement since students
with higher self-efficacy hold stronger beliefs about mastery of content (Bong, 2001).

Social Cognitive Theory
The publication. Social Foundations of Thought and Action: A Social Cognitive
Theory (1986) served to introduce Bandura’s Social Cognitive Theory. In it, he stated
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that individuals are not shaped and controlled by environmental forces but are driven by
their inner impulses. Bandura contended that people were self-organizing, self-regulating,
proactive and self-reflecting (Pajares, 2006). Bandura put forward a model of reciprocal
determinism in which cognitive and other personal factors, behavior and environmental
influences interact with each other. The product of this triadic reciprocality is human
thought and action.
People interpret the effects of their behaviors differently, dependent on their
unique factors in cognition, affect, and biological events (Pajares, 2006). Different
perceptions cause other subsequent behaviors, which, in turn, affect and inform the
external environment—additionally, environmental feedback influences individuals’
behaviors and personal cognitive and affective factors.
Self-Efficacy
The concept of self-efficacy was advanced out of the social cognitive theory from
the work of Bandura (Allan, McKenna, & Dominey, 2014; Bandura, 1977). Judge, Erez,
Bono, & Thoresen (2002) describe self-efficacy as self-perceptions of our ability to
complete various tasks. Bong and Skaalvik (2011) described self-efficacy as a
multidimensional task and domain-specific construct but argue that self-efficacy lacks
some of the stability and hierarchy of academic self-concept. Furthermore, self-efficacy
is considered to impact a person's choice and pursuit of tasks since persons with high
levels of self-efficacy are more likely to take on and complete complex tasks than those
with low levels (David et al., 2009).
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Mathematics Self-Efficacy
Tait-McCutcheon, (2008) described mathematics self-efficacy as a belief in how
well students can learn mathematics. The amount of self-efficacy controls how the
students deal with mathematics tasks. Students with high self-efficacy perceive difficult
mathematics tasks as achievable and maximize their efforts to solve them (Pajares, 1997).
Such pupils tend to be highly interested in mathematics problems and motivated to solve
them (Pajares, 2005). Investigations discovered a positive correlation between
mathematics self-efficacy and problem-solving capability (Pajares & Miller, 1994;
Pajares & Krenzler, 1995). Notably, high levels of self-efficacy do not ensure problemsolving capacity when pupils face demanding mathematics tasks. As an alternative, high
self-efficacy urges pupils to solve problems and gives them fortitude and determination
until the problem is effectively solved (Pajares, 2005). Self-efficacy also impacts pupils’
use of appropriate cognitive strategies, which help them work out mathematics problems
(Pintrich & DeGroot, 1990).

Sources of Mathematics Self-Efficacy
Studies on the sources of self-efficacy have been performed in various domains
(e.g., science, engineering, writing and mathematics). Nearly all these studies on the
sources of self-efficacy have been conducted with high school and college students.
Usher and Pajares (2008b) reviewed the empirical research investigating the four sources
of self-efficacy in academic settings. They found that mastery experience had been
consistently shown to predict self-efficacy, confirming Bandura’s (1997) theory. In all of
the examined studies, there were significant positive correlations between mastery
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experience and self-efficacy (median r = .58), with mastery experience being a significant
predictor of self-efficacy in all but one study. Inferences involving the other three sources
are less consistent, often due to defective scales not aligned with Bandura’s hypotheses.
Researchers have also demonstrated that the four hypothesized sources affect the
development of students’ self-efficacy.
Research Investigating the Sources of Self-Efficacy
Studies on the sources of self-efficacy have been performed in various domains
(e.g., science, engineering, writing and mathematics). Nearly all these studies on the
sources of self-efficacy have been conducted with high school and college students.
Usher and Pajares (2008b) reviewed the empirical research investigating the four sources
of self-efficacy in academic settings. They found that mastery experience had been
consistently shown to predict self-efficacy, confirming Bandura’s (1997) theory. In all of
the examined studies, there were significant positive correlations between mastery
experience and self-efficacy (median r = .58), with mastery experience being a significant
predictor of self-efficacy in all but one study. Inferences involving the other three sources
are less consistent, often due to defective scales not aligned with Bandura’s hypotheses.
Researchers have also demonstrated that the four hypothesized sources affect the
development of students’ self-efficacy.
Assessing the Sources of Self-Efficacy in Mathematics
Scholars have used qualitative and quantitative methods to explore the sources of
self-efficacy. Usher and Pajares (2009) reviewed measures of the sources of self-efficacy
in various areas. Although comparatively little qualitative research has been done,
investigators have used interviews and open-ended measures to learn more about the
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factors that lead to the development of self-efficacy (Lent, Brown, et al., 1996; Zeldin &
Pajares, 2000). Qualitative research can give a unique insight into how the sources impact
students’ self-efficacy and could even reveal new sources of self-efficacy. Qualitative
research, however, can be time-consuming and sacrifices the generalizability of results
because of the small sample sizes.

Methodology
Research Questions
This research examined the following research questions:
1. What are the levels of mathematics self-efficacy among primary school students?
2. What are the sources of mathematics self-efficacy among primary school students
in Trinidad and Tobago?
a. Do the sources of mathematics self-efficacy among primary school
students in Trinidad and Tobago vary by school type?
b. Do the sources of mathematics self-efficacy among primary school
students in Trinidad and Tobago vary by age?
c. Do the sources of mathematics self-efficacy among primary school
students in Trinidad and Tobago vary by gender?
d. Do the sources of mathematics self-efficacy among primary school
students in Trinidad and Tobago vary by ethnicity?
3. To what extent do mathematics self-efficacy and mathematics self-efficacy
sources explain mathematics performance among primary school students?
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Data Collection
Data were collected from standard five (sixth grade) primary school students in
four primary schools, two government primary schools, and two denominational primary
schools in the North-Eastern Education District in Trinidad. The research sample
included only regular education students; special-education students were eliminated.
This convenience sample of standard five students served as data to answer the research
questions.
This study aimed to expand self-efficacy research by understanding and
quantifying the construction of pupil self-efficacy beliefs in mathematics. A Factoranalytical research design was used in this study to determine whether the four-factor
structure for the Sources of Mathematics Self-Efficacy Scale exists in the Trinidad
sample. Instrumentation comprised a reliable and valid survey, the Sources of Middle
School Mathematics Self-Efficacy Scale (SMMSES) (Usher and Pajares, 2009); a
researcher-developed mathematics skills self-efficacy scale, The Trinidad Mathematics
Skills Self-Efficacy Scale (TMSSES); and a mathematics achievement scale (SEA); the
Likert scale was changed from 6 to 4 responses. The survey was analyzed through
descriptive statistics, structural equation modeling (SEM), exploratory factor analysis,
confirmatory factor analysis, and Pearson correlation coefficient statistical programs.
Responses from Questionnaires were examined to design the instrument for Trinidad
with a primary school population.
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Results and Discussion
These findings are based on advanced multivariate analytical procedures
conducted on mathematics-related questionnaires from 227 Trinidad primary school
students. Two rating scales, the TMSSES and the SMMSE (Usher & Pajares 2009) were
analyzed separately to identify demographic differences in the sources of mathematics
self-efficacy and identify and confirm the factor structure of the Trinidad Mathematics
Skills Self-Efficacy Scale and the Sources of Middle School Mathematics Self-Efficacy
Scale. The resulting latent factors from the instruments and a mathematics achievement
measure were entered into a structural equation model to determine the relationships
among the variables. The results and discussion of the findings are presented for each
research question.
What are the levels of mathematics self-efficacy among primary school students?

•

The TMSSES scale (research question one) was the first attempt to construct a
self-efficacy scale for Trinidad primary school SEA students and to measure
students' beliefs about their mathematics capabilities in preparation for the SEA.
This instrument was created following Bandura's (1997, 2006) guidelines and
conceptual framework and was customized to the specific content domain. In the
present study, the Trinidad mathematics skills self-efficacy scale was subject to an
exploratory factor analysis to investigate the underlying structure of the scale
items (DeVellis, 1991; Thorndike, 1997). The results of an exploratory factor
analysis procedure revealed a two-factor solution accounting for 52.7% of the
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variance in mathematics skills self-efficacy scores. The two factors in the final
model each contained seven items, with Cronbach’s alpha for the mathematics
operations factor being .83 and the mathematics applications factor being .82. The
reliability of the complete survey was .88.
•

In addition, item analysis measures, including item-total correlations and
Cronbach's alpha if item deleted scores, were analyzed; results indicated
acceptable values for all items. All fourteen items were subsequently retained for
use in the scale. Combined with previously described content and criterion-related
validity indicators, these findings indicated the 14-item scale was a valid and
reliable measure of self-efficacy.

•

The mathematics operations subscale had a mean score of 26.16 with a standard
deviation of 2.61 (Table 20). Scores on this factor ranged from 7 to 28. The total
possible score for this factor is 28, and a mean score of 26.16 is interpreted as a
highly positive perception. The mathematics applications subscale had a mean
score of 22.4 with a standard deviation of 4.3 (Table 20). Scores on this factor
ranged from 17 to 28. The total possible score for this factor is 28, and a mean
score of 22.4 is interpreted as a moderately positive perception.

•

Most primary school students in standard five (6th grade) reported confidence in
their ability to excel in basic math operations. For example, 97.8% reported
feeling confident in doing addition with carrying; 98.7% reported feeling able to
do subtraction with borrowing; 98.7% said they were optimistic in working with
tables, charts, and diagrams; 96.9% were confident in rounding and estimating;
92.5% expressed confidence in the concept of time; 93.4% reported confidence in
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multiplication with two-digit numbers and 94.3% were confident in working on
solid and plane shapes.
•

In contrast, the students were less confident in their abilities to apply mathematics
concepts. 66.1% reported confidence in their ability to do word problems; 67.4%
were confident in their ability to change between fractions, decimals, and percent;
77.9% reported confidence in explaining in words how you solved a math
problem; 76.7% were confident in multiplying and dividing fractions; 82.0%
expressed confidence in dividing with two-digit numbers; 88.5% were confident
in adding and subtracting fractions and 92.1% expressed confidence in working
with mean and mode.
The TMSSES scale (research question one) was the first attempt to construct a

self-efficacy scale for Trinidad primary school SEA students and to measure students'
beliefs about their mathematics capabilities in preparation for the SEA. This instrument
was created following Bandura's (1997, 2006) guidelines and conceptual framework and
was customized to the specific content domain. The TMSSES had a reliability of α = .88
and accounted for 52.07% of the variance explained. Compared to other existing
mathematics self-efficacy measures, the TMSSES accounts for similar and more
substantial reliability in some cases. The most comparable instrument to the TMSSES
was an attempt by Usher and Pajares (2009) to examine the mathematics skill selfefficacy of middle school students (grades 6 through 8); it had a reliability of α = .95 and
content validity. The theoretical framework underlying the Usher and Pajares (2009)
scale was Bandura's (1977) self-efficacy theory; the researchers remained faithful to
Bandura's guidelines in instrument construction.
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Examples of other instruments in mathematics self-efficacy provided valid
comparisons as well. For instance, Pertanika’s (2018) MESQ scale used in a Malaysian
context for primary school students had a high internal consistency (α = .94). The scale
accounted for 62.72% of the variance. Kranzler and Pajares' (1997) Mathematics SelfEfficacy Scale-Revised (MSES-R) has a Cronbach alpha of .78.
There was a difference in self-efficacy perception between the two subscales.
Students were more confident in their abilities to perform the basic math operations than
in the math application. Word problems in mathematics often pose a challenge because
they require that students read and comprehend the text of the problem, identify the
question that needs to be answered, and finally create and solve a numerical equation.
Many primary students may have difficulty reading and understanding the written content
in a word problem. One of the most challenging topics in a typical math class is the
learning of fractions and their operations. I believe that these ideas are not taught
effectively in most elementary classrooms. Teachers tend to move quickly through the
lessons at this time in elementary school and tend to treat fractions as abstract ideas.
Among many reasons for the difficulties in understanding fractions is the traditional
teacher-centered instruction, which focuses on solving algorithms based on memorized
rules. Research has also pointed out that elementary school teachers' knowledge of
fractions is somewhat limited, and, in addition, fractions are one of the most challenging
topics to teach (Lamon, 2007; Ma,1999; Newton, 2008).

156

What are the sources of mathematics self-efficacy among primary school students in
Trinidad and Tobago?
Do the sources of mathematics self-efficacy among primary school students in
Trinidad and Tobago vary by school type?
Do the sources of mathematics self-efficacy among primary school students in
Trinidad and Tobago vary by age?
Do the sources of mathematics self-efficacy among primary school students in
Trinidad and Tobago vary by gender?
Do the sources of mathematics self-efficacy among primary school students in
Trinidad and Tobago vary by ethnicity?

•

Factor analysis results from this study were able to verify the four-factor
structure of the SMMSE scale. Items within the mastery experience,
vicarious experience, social persuasion, and physiological states factors
loaded as designed in the original study by Usher and Pajares. The
measurement model, illustrated in Figure 6, showed an acceptable model
fit, χ^2 (238) = 346.381, p < .0001, CMIN/DF= 1.455, CFI = .957, TLI =
.950, SRMR = .0502, RMSEA = .045.

•

Factor I (Mastery Experience) had six items with standardized loadings
ranging from .498 to .824, and Factor II (Social Persuasion) had six items
ranging from .536 to .743. Factor III (Vicarious Experience) had six items
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with loadings ranging from .638 to .761, and Factor IV (Physiological
States) had six items ranging from .751 to .872.
•

The correlations among the factors were moderate to strong (.554, .634,
.432, .794, .289, and .489)

•

There was no significant difference between Government Schools and
Denominational Schools (Hoteling’s T=.03, F(4,222)=2.07, p=.086, η2 =
.036) when considered jointly on the variables Vicarious Experience,
Social Persuasion, Physiological States, and Mastery experience.

•

There was a significant difference between 11-year-old, 12-year-old, and
13-14-year-old students (Wilk’s Lambda=.090, F (8,442)=3.07, p=.002,
η2=.053) when considered conjointly on the variables Vicarious
Experience, Social Persuasion, Physiological States and Mastery
experience.

•

There was a significant difference between 11-year-old, 12-year-old, 1314-year-old students on Mastery Experience, F (2, 224) = 8.005, p ˂ .001,
partial ή^2 = .067, with 11 year old (M = 16.79, SD = 3.64) scoring higher
than 12 year old (M = 14.88, SD = 4.09), 13-14 year old (M = 14.27, SD =
3.67).

•

There was no significant difference between 11-year-old, 12-year-old, 1314-year-old students on Vicarious experience, F (2, 224) = 2.068, p =
.129, partial ή^2 = .018.
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•

There was no significant difference between 11-year-old, 12-year-old and
13-14-year-old students on Social Persuasion, F (2, 224) = 3.262, p = .040,
partial ή^2 = .028.

•

There was no significant difference between 11-year-old, 12-year-old, and
13-14 year old students on Physiological states, F (4,224) = 4.199, p =
.016, partial ή^2 = .036.

•

There was a significant difference between females and males (Wilk’s
Lambda=.932, F(4, 222)=4.079, p=.003, η2=.068) when considered jointly
on the variables Vicarious Experience, Social Persuasion, Physiological
States, and Mastery experience.

•

There was a significant difference between females and males on
Physiological States, F (1, 225) =1 6.05, p < .001, partial ή^2 = .067, with
Male (M = 17.82) scoring higher than Female (M = 15.05). The
Physiological States subscale was reversed scored.

•

There was no significant difference between females and males on
Vicarious Experience, F (1, 225) = .331, p = .578, partial ή^2 =.001.

•

There was no significant difference between females and males on Social
Persuasion, F (1, 225) = .666, p = .415, partial ή^2 = .003.

•

There was no significant difference between females and males on
Mastery Experience, F (1, 225) = 2.085, p = .150, partial ή^2 = .009.

•

There was no significant difference between African, East Indian, Mixed,
and Other, V = .061, F (12, 666) = 1.146, p = .319, partial ή^2 = .020
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when considered jointly on the variables Vicarious Experience, Social
Persuasion, Physiological States and Mastery experience.
The second research question of this study sought to determine the psychometric
properties of the SMMSE scale when administered to a Trinidad primary school
population. Descriptive statistics such as composite reliabilities, correlations, skewness,
and kurtosis values indicated the SMMSE demonstrated strong internal consistency when
used with a new population. The second research question also addressed if the factor
structure of the SMMSE scale could be validated with a primary school sample. Factor
analysis results from this study were able to verify the four-factor structure of the
SMMSE scale. Items within the mastery experience, vicarious experience, social
persuasion, and physiological states factors loaded as designed in the original study.
While the SMMSE scale was initially designed and tested with middle school students,
this finding would indicate that the instrument would perform similarly with a primary
school sample.
Finally, the research question investigated possible mean differences in selfefficacy measures in this study. In general, small differences were observed as a function
of school level, age, gender, and ethnicity. In fact, there was a significant difference in
age F (30, 1165) = 1.216, p = .197. Wilk‘s Lambda = .898, F(8, 442) = 3.067, p = .002,
partial ή^2 = .053 and gender F (1, 225) =1 6.05, p < .001, partial ή^2 = .067, but no
significant differences were found in school type F (30, 24255) = 1.463, p = .049. V =
.061, F (12, 666) = 1.146, p = .319, partial ή^2 = .020. and ethnicity F(10, 188229) =
.961, p = .086. Wilk‘s Lambda = .96, F(4,222) = 2.069, p = .086, partial ή^2 = .036.
Pairwise comparison using the Bonferroni procedure suggested that 11-year-olds
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(M=16.79, SD=3.64) reported significantly higher mastery experience than 12-year-olds
(M=14.88, SD=4.09) and 13-14-year olds (M=14.27, SD=3.67). There was no difference
between 12-year-olds and 13-14-year-olds.

A comparison of means suggested that males (M=17.82, SD=4.83) were
significantly more positive in their perception of physiological states than females
(M=15.05, SD=5.46). Physiological states were reverse-scored. (Table 36). There were
no significant differences in Mastery Experience, Vicarious Experience, and Social
Persuasion as a function of gender.
This study observed slight or moderate differences between gender and age
groupings. The younger students' more robust perception of mastery experiences can
result from being at grade level. The older students may have been retained in previous
grades or started school later, indicating a learning issue. An important number of
efficacy studies paint a negative picture of retained students as being worse off
academically and personally (Holmes, 1989; Holmes & Matthews, 1984; Jackson, 1975;
Slavin & Madden, 1989; Smith & Shepard, 1988). Children experience diminished selfesteem, peer ridicule, labeling, and long-lasting distorted perceptions of retention as
punishment or failure (Becker, 1963; Cuddy, Frame, & DeVincentis, 1987; Gottfredson
et al., 1994; Grissom & Shepard, 1989; Kaplan, Peck, & Kaplan, 1994; Lemert, 1967;
Shepard, 1997). Adding further salt to their wounds is a parental inclination toward
punishment for being retained (Byrnes, 1989).
The higher physiological perception of girls as opposed to boys is consistent with
previous research studies. Devine et al. (2012) examined 433 British secondary school
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children (ages 11 to 16). The students were given separate questionnaires to report math
anxiety (and test anxiety) and then took custom-made math tests intended to be suitable
for their age range and fitted to the content of their school curriculum. The research found
that girls showed higher levels of mathematics anxiety than boys and that this distress
was related to diminished performance on math tests. Even so, the study found no gender
differences in math achievement, with the researchers suggesting that girls may well have
outperformed boys were it not for their anxiety. Although both boys and girls reported
experiencing stress, the study found that girls showed higher levels of it on average. And
in one difference from most other research, the researchers say they sought to control for
more general test anxiety.
The researchers defined math anxiety as "a state of discomfort caused by
performing mathematical tasks [that] can be manifested as feelings of apprehension,
dislike, tension, worry, frustration, and fear." (Devine et al., p.2). The study stated that
math anxiety warrants attention in the classroom and that prior research suggested that it
first develops during primary school.
Analysis in research question three addressed each antecedent's contribution to
predicting mathematics self-efficacy outcomes. Structural equation modeling results
found mastery experience was the strongest predictor of self-efficacy outcomes,
consistent with Bandura's (1997) hypothesis and prior research findings (e.g., Usher &
Pajares, 2008). Vicarious experience was the second strongest predictor, followed by
Social persuasion and Physiological states. The analysis results verified the factor
structure of the Sources of Middle School Mathematics Self-Efficacy with a new primary
school sample. In general, the SMMSE scale performed similarly with the primary school
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sample, indicating that primary school students develop self-efficacy similarly to older
students. Overall, the findings of this study supported the principal tenets of Bandura's
(1986) Social Cognitive Theory.
3. To what extent do mathematics self-efficacy and mathematics self-efficacy sources
explain mathematics performance among primary school students?

•

The fit indices of the theorized model suggested that the model had a good
fit to the data: (χ² (12) = 20.166, p = .064, CMIN/DF = 1.68, CFI = .983,
TLI = .970, RMSEA = .055. (Table 33.)

•

The structural paths from the perceived sources of mathematics selfefficacy (β= .08, p > 0.05) and mathematics self-efficacy (β= .01, p >
0.05) to mathematics achievement were not statistically significant.

•

The structural path between perceived sources of mathematics selfefficacy to mathematics self-efficacy is statistically significant (β= .63, p <
0.05).

•

The path between mastery experience and sources of mathematics selfefficacy (β= .96, p < 0.05) was significant.

•

The path between social persuasion and the sources of mathematics selfefficacy (β= .75, p < 0.05) was significant.

•

The path between vicarious experience and the sources of mathematics
self-efficacy (β= .55, p < 0.05) was significant.

•

The path between physiological states and the sources of mathematics
self-efficacy (β= .50, p < 0.05) was significant.
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•

In the initial model (Figure 6. with self-efficacy present), the path
coefficient between self-efficacy to achievement is .01 (non-significant).
The path coefficient between the sources of self-efficacy and achievement
is .08 (non-significant). Without self-efficacy in the model (Figure 7), the
path coefficient between the sources of self-efficacy and achievement
remains the same .08.

•

These results suggest self-efficacy does not mediate the relationship
between the sources of mathematics self-efficacy and mathematics
achievement in a Trinidad sample (Table 37).

The final research question examined to what extent mathematics self-efficacy
and mathematics self-efficacy sources explain mathematics achievement among primary
school students. The Structural Equation Modelling results showed that neither selfefficacy nor the sources of self-efficacy predicted mathematics achievement. There was
no evidence that self-efficacy mediated the relationship between the sources of
mathematics self-efficacy and mathematics achievement in the Trinidad sample.
The cohort of students in this study was forced to go into lockdown on the 18th of
May 2020 when Trinidad recorded its first COVID-19 case. To reduce coronavirus
spread, Trinidad primary schools, like many educational institutions worldwide, abruptly
transitioned from face-to-face to online and remote learning (Ali, 2020; Aristovnik et al.,
2020; Centers for Disease Control and Prevention, 2020; Coyne et al., 2020). School
children who suddenly and involuntarily transitioned to online learning may not have
been well equipped to operate successfully in their new learning environment. The need
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to acclimate to an unanticipated – and perhaps undesired – method of learning may
impact achievement outcomes because of a lack of confidence in, doubt about or
acceptance of online learning (Bower, 2019; Mäkitalo et al., 2005; Sollitto et al., 2018;
Tarhini et al., 2017). The Minister of Education (Trinidad & Tobago) stated that the mean
score for mathematics in the SEA for 2022 was 41.9%, compared to 46.9% in 2021. The
mean score in previous years was 2015= 60%, 2016= 61%, 2017=58%, and 2018= 59%.
These statistics indicate that the learning loss caused by the COVID-19 pandemic is
substantial.
Students learning contexts can impact their learning beliefs and academic
achievement outcomes. Student learning during the COVID-19 outbreak may be at risk
of negatively impacting their academic self-efficacy and subject grades compared to
other cohorts. They may also have individual beliefs about COVID-19-related changes in
their ability to perform, with potential consequences for self-efficacy and academic
achievement. Based on this study’s structural equation modelling findings, the
relationship between mathematics skills self-efficacy and mathematics achievement was
not statistically significant, contrasting with previous research in traditional and online
learning environments. This discovery endorses the theory of triadic reciprocal
determinism that altering the environment would modify personal factors, like selfefficacy. There is something about the online situation influencing the predictive
relationship between mathematics skills self-efficacy and primary school students’
mathematics achievement.
Four research studies associated with the impact of academic self-efficacy on
academic achievement in an online learning setting revealed that academic self-efficacy
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correlated with academic achievement (Joo et al., 2013; Kitsantas & Chow, 2007; Lynch
& Dembo, 2004; Yukselturk & Bulut, 2007), however, two similar studies found no
significant results (Crippen et al., 2009; Cho & Shen, 2013). Because all prior studies
used the specific content of a university/college course differently, the content cannot be
used to explain the inconsistent results. Furthermore, cultural differences cannot be
employed to explain inconsistent results because students from the U.S. and China took
part in the two studies that produced no significant effects (Crippen et al., 2009; Cho and
Shen, 2013), while the U.S., Turkish, and Korean students took part in the researches that
disclosed significant findings (Joo et al., 2013; Kitsantas & Chow, 2007; Lynch &
Dembo, 2004; Yukselturk & Bulut, 2007). The participants in all the studies had similar
educational levels. None of the previous studies discovered a single convincing reason
for such differing results, but there may be one possibility.
Researchers have tried to identify significant factors that predict successful online
Learning (Joo, Lim & Kim, 2011) and self-regulation learning (SRL) has been found as
one of the critical factors (Allen & Seaman, 2013). Self-regulation is essential in
predicting successful online learning (Zimmerman, 2008). Self-regulated learning can
promote academic achievement. Self-regulated learning is linked with online course
completion through learning self-regulated behaviours that address motivational learning
gaps (Hu & Driscoll, 2013). Researchers agree that self-regulated learning (SRL) is a
skill or set of skills students can develop through personal experience and practice in
applying SRL strategies (Zimmerman, 2008).
Unfortunately, research shows that in today’s classrooms, few teachers effectively
and explicitly prepare their students to learn on their own and external regulation prevails
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primarily over self-regulation (Boekaerts, 1997; Hamman, Berthelot, Saia, & Crowley,
2000; Kistner et al., 2010; Perry et al., 2004; Zimmerman, 2002). These findings
underline the importance of getting a clearer view of the determinants influencing the
implementation of SRL in educational practice.
A host of factors can influence the development of self-regulation; three are noted
here: cognitive development, motivation, and classroom contexts. Given the complexity
of self-regulated learning, it is a phenomenon that emerges later in a child's life. There are
explicit developmental and maturational constraints on self-regulated learning. Although
there are aspects of self-regulation in place by the time a young child reaches school, selfregulation for academic tasks occurs throughout secondary education. There is not as
much research on the development of self-regulated learning as there is on how it
operates. Still, it is probably not until the middle to late primary school grades (third to
sixth grade) that students develop essential self-regulation strategies. Much of the
development of self-regulated learning likely occurs in adolescence, given general
cognitive developmental changes and changes in the classroom context in middle and
high schools. At the same time, many students do not develop self-regulated strategies,
even some of the more successful ones who go on to college. Accordingly, there is a need
to create explicit instructional strategies and programs to help students learn about selfregulation and develop expertise in regulating their learning.
Until recently, the dominant view was that young children cannot self-regulate
their learning (Schunk, 2001). One reason they suggest is that it may be seen as
developmentally inappropriate to look for self-regulation in young children because
metacognitive abilities are known to increase with age. Consequently, the main focus of
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SRL research was on secondary and high school students, with a lack of research on
young children’s SRL (Winne & Perry, 2000). More recently, however, more research
has been reported countering this dominant view and indicating that young children can
and do engage in SRL activities which develop and become more sophisticated as they
proceed with their school careers (Dignath & Büttner, 2008; Perry et al., 2004).
Moreover, an increasing body of evidence shows that SRL can already be fostered by
instructional guidance at primary school (Dignath & Büttner, 2008).
In summary, self-regulated learning is essential to learning and achievement in
academic contexts. Self-regulating students are much more likely to succeed in school,
learn more, and achieve higher levels. Accordingly, schools need to attempt to foster the
development of expertise in self-regulated learning. Of course, developmental,
motivational, and contextual factors can facilitate or constrain self-regulated learning, but
there are implicit and explicit ways to help foster self-regulated learning. In the twentyfirst century, and as the explosion of information and multiple learning methods
increases, it will become even more important that individuals know how to self-regulate
their learning and that fostering self-regulated learning becomes an important goal for all
educational systems.

Conclusion
This study investigated mathematics self-efficacy, the sources of mathematics
self-efficacy, and mathematics achievement among primary school students in Trinidad
and Tobago. The dissertation reviewed the literature on the factors that influence
mathematics achievement, social cognitive theory, and both self-efficacy and
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mathematics self-efficacy. The study was conducted using a convenience sample of two
hundred and twenty-seven standard five students selected from four denominational and
government primary school students in the North Eastern Education District in Trinidad.
The instruments used included a valid and reliable survey, the Sources of
Mathematics Self-Efficacy Scale (SMMSES) (Usher & Pajares, 2009); a researcherdeveloped mathematics self-efficacy scale, The Trinidad Mathematics Self-Efficacy
Scale (TMSES); and a mathematics achievement scale. The Likert scale was changed
from 6 to 4 responses. Responses from Questionnaires were examined to design the
instrument for Trinidad with a primary school population. Descriptive statistics, structural
equation modeling (SEM), exploratory factor analysis, confirmatory factor analysis, and
Pearson coefficient statistical programs were used to analyze the data.
The introduction of the SMMSE scale in a new population with a different
demographic characteristic was intended to provide further evidence of the instrument’s
utility in reliably measuring sources of self-efficacy beliefs in primary school students. In
this study, the strong internal consistency and construct validity of the SMMSE scale
were replicated with a different school population, providing further evidence that the
carefully constructed instrument could be used confidently with primary school students.
Results from the TMSSE scale showed that most students in standard five (6th
grade) reported confidence in their ability to excel in basic math operations; however,
they were less confident in applying mathematics concepts. Structural equation modeling
results found mastery experiences were the strongest predictor of self-efficacy outcomes,
consistent with Bandura’s (1997) hypothesis and prior research findings (e.g., Usher &
Pajares, 2009). Vicarious experience was the second strongest predictor, followed by
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Social Persuasion and Physiological. In general, minor differences were observed as a
function of school level, age, gender, and ethnicity. There were no significant differences
in Mastery Experience, Vicarious Experience, and Social Persuasion as a function of
gender or ethnicity. Younger students’ more robust perception of mastery experiences
can result from being at grade level. The older students may have retained or started
school later in previous grades. The higher physiological perception of girls as opposed to
boys is consistent with previous research studies. Thus, stress and anxiety are more
significant in developing self-efficacy beliefs in mathematics for primary school girls
than for boys.
Educators can also be advised to help their students control classroom technology.
One way to foster students’ control when using technology is by encouraging them to
develop a better sense of self-efficacy for online learning and use effective self-regulation
strategies. These strategies can also enhance students' self-efficacy and self-regulation in
online learning environments. There is a broad consensus among educational researchers
that self-regulated learning leads to success in and beyond school (Zimmerman, 2002).
However, research also shows that students do not spontaneously become self-regulated
learners (Boekaerts, 1997; Schunk, 2001) and that teachers play a principal role in
stimulating self-regulated learning (Dembo & Eaton, 2000). In this respect, the extent to
which teachers promote self-regulated learning and the factors facilitating or hampering
the implementation of self-regulated learning practices is a challenging issue in both
educational research and practice.
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Instructional Implications
The results of this study provide information that can be used to supplement or
improve the curriculum and teaching methods used in the SEA mathematics classes. This
study indicates that mathematics skills self-efficacy and the sources of mathematics selfefficacy are not statistically related to mathematics achievement. However, the sources of
mathematics self-efficacy acted as predictors for mathematics skill self-efficacy, with
mastery experience being the most significant predictor of mathematics skills selfefficacy. Therefore, including opportunities in the curriculum that focus on improving
students’ mathematics self-efficacy levels and achievement would be ideal and most
likely positively affect students’ learning and achievement in mathematics.
Improving students' mathematics self-efficacy does not necessarily mean their
math achievement will increase. A student's mathematics self-efficacy may be increased
by simply telling them that an answer or method is correct, but this may not increase
math achievement. However, if a student's math ability or achievement improves, it
would seem reasonable to increase their mathematics self-efficacy.
Although there are not enough findings to conduct a meta-analysis, it can be
hypothesized that academic self-efficacy correlates with academic achievement in an
online learning environment, similar to a general learning environment. However,
different trends were also observed between online and general learning environments.
The characteristics of the online learning environment may affect relationships between
academic self-efficacy and academic achievement. In particular, the present results
suggest that students, teachers, and parents must pay attention to the following two
points. Firstly, since familiarity with online learning devices may affect the relationship
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between academic self-efficacy and academic achievement in online learning situations,
those who are not good at using online learning devices may not accomplish high enough
academic success in an online learning setting. Second, since task values are strongly
related to academic self-efficacy and academic achievement, students, teachers, and
parents may want to choose the online learning software they think will have students'
most valuable content and tasks.

Recommendations for Future Research
A few specific areas of future research in mathematics self-efficacy and
achievement among primary school students in Trinidad are recommended.
The first would be to replicate this design using primary school students who have
been engaged in physical school for the duration of the preparation for the SEA (two
years) to see whether similar results can be obtained. The students in this study
completed their SEA preparation online; it is conceivable that their level and quality of
engagement could partially explain the lack of significant predictors of mathematics
achievement.
Secondly, a recommendation would be to expand the sample to include all seven
education districts in Trinidad and the one in Tobago to compare the findings with what
was obtained in the present study. This increased sample would provide more accurate
data on the sources of mathematics self-efficacy, mathematics skills self-efficacy, and
mathematics achievement among primary school students in Trinidad and Tobago.
For researchers, it is recommended that future studies investigate the relationship
between academic self-efficacy and academic achievement in online learning situations
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and establish the relationship's influential factors. In particular, because of possible
variations between a general learning environment and an online learning environment, it
is essential to examine what causes the differences. Then, based on these discoveries,
future studies should add more experimental findings in an online learning setting and
conduct a meta-analysis to clarify the association between academic self-efficacy and
academic achievement in an online learning setting methodically, as well as its other
influential factors, such as student's familiarity with, attitudes toward, and competence
with, online learning devices.
Future studies could explore how self-regulated learning strategies develop
students’ competence and their role in academic achievement.

Limitations
Some limitations were produced from this research study, despite some
significant findings concerning the sources of mathematics self-efficacy for mathematics
skills self-efficacy.
Firstly, the data collected from this investigation comprises responses from a
convenience sample. Therefore, the outcomes from this study may not be generalizable to
all primary school students in Trinidad and Tobago. Secondly, this study relied on the
respondents' honesty in their opinions, self-perceptions, and thoughtful considerations
regarding each statement posed in the survey. Even though this limitation could not be
avoided altogether, to help alleviate this potential problem, teachers were instructed to
tell respondents about the significance of the study and honestly answer each question to
the best of their capabilities.
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June 25, 2021

Ronald Sinanan
Tel: 868-484-3497
Email: sinanan@andrews.edu

RE: APPLICATION FOR APPROVAL OF RESEARCH INVOLVING HUMAN
SUBJECTS
IRB Protocol #: 21-058 Application Type: Original Dept.: Graduate Psych. & Counseling
Review Category: Full Action Taken:Approved Advisor: Jimmy Kijai
Title: An investigation of Mathematics self-efficacy, the sources of Mathematics self-efficacy,
and Mathematics achievement in primary school students in Trinidad and Tobago.

This letter is to advise you that the Institutional Review Board (IRB) has reviewed and
approved your IRB application for research involving human subjects entitled: “An
investigation of Mathematics self-efficacy, the sources of Mathematics self-efficacy,
andMathematics achievement in primary school students in Trinidad and Tobago”
IRB protocol number 21-058 under Full category. This approval is valid until June 24,
2022. If your research is not completed by the end of this period you must apply for an
extension at least four weeks prior to the expiration date. We ask that you inform IRB
Office whenever you complete your research. Please reference the protocol number in
future correspondence regarding this study.

Any future changes made to the study design and/or consent form require prior approval
from the IRB before such changes can be implemented. To request for extension,
modification and completion of your study please use the attached form.

While there appears to be no more than minimum risk with your study, should an
incidence occur that results in a research-related adverse reaction and/or physical
injury,this must be reported immediately in writing to the IRB. Any project-related
physical injury must also be reported immediately to the University physician, Dr.
Katherine, by calling (269) 473-2222.
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We ask that you reference the protocol number in any future correspondence
regardingthis study for easy retrieval of information.

Best wishes
in your research.
Sincerely,

Mordekai Ongo, PhD.
Research Integrity and Compliance Officer

Institutional Review Board – 8488 E Campus Circle Dr Room 234 - Berrien Springs, MI
49104-0355Tel: (269) 471-6361 E-mail: irb@andrews.edu
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Dear Parent/Caregiver,
I am writing to inform you that a brief survey and a SEA Mathematics paper may be
administered to your child as part of a research study conducted by Ronald Sinanan of
Andrews University about how primary school students become confident in
mathematics. The survey and assessment will be distributed during your child's
mathematics class and will take approximately 90 minutes to complete. Every effort will
be made to minimize the impact on instructional time within the class. The survey is not
mandatory for your child to complete, and he or she can opt-out at any time without any
consequences. The Institutional Review Board has approved the study at Andrews
University.
Privacy: Confidentiality will be respected in every possible way. Your son's or daughter's
name will not be asked in any way during the survey. Trained members of the research
team will only handle the completed survey. Data will be recorded from the surveys, and
no results will be linked to any specific class. Only the researcher will have access to this
data. After data has been recorded and analyzed, the original surveys will be destroyed.
Non-identifiable data may be used in future research, presentations or for teaching
purposes by the Principal Investigator listed above.
Potential benefits: This study's results may benefit the mathematics teaching staff by
understanding how primary school students develop self-efficacy beliefs (confidence) in
mathematics. Also, teachers will have greater insight into this population's mathematical
experiences. Helping students develop positive self-efficacy beliefs in mathematics has
been strongly correlated with raising mathematics achievement. Understanding how best
to support the positive development of self-efficacy beliefs can help all students grow
their mathematics achievement.
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Instructions: Please complete the consent form on the back of this page and return it to
the student's teacher or the school principal. If you have any questions about this research
project, please contact Mr Ronald Sinanan at (868) 484-3497 or sinanan@andrews.edu
Please consider allowing your child to participate in this study. Thank you for your time
and consideration.
Thank you.

Sincerely,
_____________________________
Ronald Sinanan
Principal Investigator

Child’s Name: _______________________________________________
School: __________________________________________________
Statement of Consent
By signing this Consent to Participate, I hereby acknowledge that I have read and fully understand the provisions
contained above. I knowingly consent to my child participating in the above-named "Activity". Furthermore, I certify
that I am the Parent or Legal Guardian of the student named above and that all the information provided is true and
correct to the best of my knowledge.

_______________________________________________________
Print Parent/Guardians First and Last Name

______________________________________________________
Parent/Guardians Signature

Date _____________
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Gender (Please circle)

Female

Male

Which of this best describes you? (Please circle one)

African

East Indian Mixed

Chinese Other

Age: ___________________________

School: ________________________________________________________________

TRINIDAD MATHEMATICS SKILL SELF-EFFICACY SCALE (TMSSES)
Mathematics Skills Self-Efficacy
Directions: Using the same scale, please rate how much confidence you have to succeed
at exercises related to the following math topics in class without using a calculator.
Remember that you can circle any number from 1 (I cannot do this) to 4 (I can definitely
do this)
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(1)

(2)

(3)

(4)

I cannot

I'm not sure

I am pretty sure

I can

do this

that I can do

I can do this

definitely do
this

this
Adding with carrying *

o

o

o

o

Subtraction with

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

Word problems ^

o

o

o

o

Finding perimeter, area

o

o

o

o

Rounding and estimating *

o

o

o

o

Solid and Plane Shapes *

o

o

o

o

Tables, charts, diagrams^

o

o

o

o

borrowing *
Multiplication with twodigit numbers *
Division with two-digit
numbers *
Changing between
fractions, decimals, and
per cents *
Adding and subtracting
fractions *
Multiplying and dividing
fractions *

and volume ^
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Problems with more than

o

o

o

o

o

o

o

o

Time ^

o

o

o

o

Mean and mode *

o

o

o

o

Doing quick calculations in

o

o

o

o

o

o

o

o

one step ^
Charts, frequency tables
and graphs ^

your head ^
Explaining in words how
you solved a math problem
^

*denotes Operations
^ denotes Applications

24-ITEM SOURCES OF MIDDLE SCHOOL MATHEMATICS SELF-EFFICACY
SCALE (SMSMSE)

Directions: Read the sentences below and rate how true or false the following
statements are for you
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(1)

(2)

(3)

(4)

Definitely

Mostly false

Mostly true

Definitely

false

I make excellent grades

true

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

on math tests (ME-1)
I have always been
successful with math
(ME-3)
Even when I study very
hard, I do poorly in
math (ME-6)*
I got good grades in
math on my last report
card (ME-8)
I do well on math
assignments (ME-9)
I do well on even the
most difficult math
assignments (ME-12)
Seeing adults do well in
math pushes me to do
better (VA-4)
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When I see how my

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

math teacher solves a
problem, I can picture
myself solving the
problem in the same
way (VA-6)
Seeing kids do better
than me in math pushes
me to do better (VP-1)
When I see how another
student solves a math
problem, I can see
myself solving the
problem in the same
way (VP-9)
I imagine myself
working through
challenging math
problems successfully
(VS-4)1
I compete with myself in
math (VS-5)
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My math teachers have

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

told me that I am good at
learning math (P-4)1M
People have told me that
I have a talent for math
(P-5)
Adults in my family
have told me what a good
math student I am (P-7)2
I have been praised for
my ability in math (P13)1M
Other students have told
me that I'm good at
learning math (P-14)2M
My classmates like to
work with me in math
because they think I'm
good at it (P-16)
Just being in math class
makes me feel stressed
and nervous (PH-2)*
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Doing math work takes

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

all of my energy (PH-3)*
I start to feel stressedout as soon as I begin my
math work (PH-5)*
My mind goes blank,
and I am unable to think
clearly when doing math
work (PH-7)*
I get depressed when I
think about learning math
(PH-9)*
My whole body becomes
tense when I have to do
math (PH-12)*
*reversed scored items
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220

221

222
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Table 36
Exploratory Factor Analysis: Model 1 PCA
KMO and Bartlett's Test
Kaiser-Meyer-Olkin Measure of Sampling
Adequacy.
Bartlett's Test of
Approx. Chi-Square
Sphericity
df
Sig.

.894
1487.349
136
.000

Figure 9: Scree plot of eigenvalues for model 1 PCA
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Table 37
Total Variance Explained for model 1 PCA
Extraction Sums of
Squared Loadings
% of
Tota Varian Cumulati
l
ce
ve %
6.46
38.026
38.026
4
1.58
9.297
47.323
0
1.08
6.399
53.722
8

Initial Eigenvalues
% of
Compone Tota Varian Cumulati
nt
l
ce
ve %
1
6.46
38.026
38.026
4
2
1.58
9.297
47.323
0
3
1.08
6.399
53.722
8
4
.982 5.778
59.500
5
.874 5.139
64.639
6
.784 4.613
69.252
7
.730 4.297
73.549
8
.671 3.946
77.495
9
.628 3.695
81.190
10
.560 3.295
84.485
11
.525 3.086
87.571
12
.450 2.649
90.220
13
.424 2.494
92.714
14
.363 2.133
94.847
15
.338 1.988
96.835
16
.287 1.688
98.522
17
.251 1.478 100.000
Extraction Method: Principal Component Analysis.
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Rotation Sums of
Squared Loadings
% of
Tota Varian Cumulati
l
ce
ve %
3.65
21.525
21.525
9
3.28
19.344
40.869
8
2.18
12.853
53.722
5

Table 38
Communalities for model 1 PCA
Initial
Addition with carrying
Subtraction with borrowing
Multiplication with two-digit numbers
Division with two-digit numbers
Changing between fractions, decimals, and per
cents
Adding and subtracting fractions
Multiplying and dividing fractions
Word problems
Finding perimeter, area and volume
Rounding and estimating
Solid and Plane Shapes
Tables, charts,diagrams
Probems with more than one step
Time
Mean and Mode
Doing quick calculations in your head
Explaining in words how you solved a math
problem
Extraction Method: Principal Component Analysis.
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Extraction
1.000
1.000
1.000
1.000

.700
.614
.608
.501

1.000

.487

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

.678
.655
.581
.360
.500
.349
.536
.634
.501
.455
.325

1.000

.648

Table 39
Total Variance Explained for Model 1 PFA
Extraction Sums of
Initial Eigenvalues
Squared Loadings
% of
% of
Facto Tota Varianc Cumulativ Tota Varianc Cumulativ
r
l
e
e%
l
e
e%
1
6.46
5.93
38.026
38.026
34.915
34.915
4
6
2
1.58
1.10
9.297
47.323
6.493
41.408
0
4
3
1.08
6.399
53.722 .615
3.619
45.027
8
4
.982
5.778
59.500
5
.874
5.139
64.639
6
.784
4.613
69.252
7
.730
4.297
73.549
8
.671
3.946
77.495
9
.628
3.695
81.190
10
.560
3.295
84.485
11
.525
3.086
87.571
12
.450
2.649
90.220
13
.424
2.494
92.714
14
.363
2.133
94.847
15
.338
1.988
96.835
16
.287
1.688
98.522
17
.251
1.478
100.000
Extraction Method: Principal Axis Factoring.
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Rotation Sums of Squared
Loadings
% of
Tota Varianc Cumulativ
l
e
e%
3.20
18.833
18.833
2
2.70
15.899
34.733
3
1.75
10.295
45.027
0

Table 40
Communalities for model 1 PFA
Initial
Addition with carrying
Subtraction with borrowing
Multiplication with two-digit numbers
Division with two-digit numbers
Changing between fractions, decimals, and per
cents
Adding and subtracting fractions
Multiplying and dividing fractions
Word problems
Finding perimeter, area and volume
Rounding and estimating
Solid and Plane Shapes
Tables, charts,diagrams
Probems with more than one step
Time
Mean and Mode
Doing quick calculations in your head
Explaining in words how you solved a math
problem
Extraction Method: Principal Axis Factoring.

Extraction
.580
.543
.523
.428

.672
.546
.476
.373

.372

.395

.589
.526
.450
.255
.460
.325
.484
.356
.358
.418
.294

.539
.480
.486
.217
.412
.304
.453
.263
.321
.408
.245

.453

.371

Table 41
Descriptives for school type
Mastery experience score
Vicarious experience score
Social Persuasion score
Physiological states score

School
Denominational school
Government School
Denominational school
Government School
Denominational school
Government School
Denominational school
Government School
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M
14.96
15.66
18.20
19.44
13.73
15.11
16.13
16.43

SD
3.40
3.40
3.68
3.73
4.27
4.33
5.31
5.40

Kurt
-.25
-.14
.43
1.60
-.54
-.39
-1.00
-1.20

Skew
-.28
-.22
-.47
-1.11
-.12
-.34
-.25
-.10

Table 42
Descriptive for Gender
Gender M

SD

Kurt

Skew

Mastery experience score Female 15.02 3.91

-.18

-.26

Male 15.79 4.02

-.17

-.24

Vicarious experience score Female 18.80 3.77

.76

-.78

Male 19.01 3.75

1.01

-.87

Social Persuasion score Female 14.32 4.39

-.55

-.18

Male 14.80 4.31

-.41

-.30

Physiological states score Female 15.05 5.46 -1.13

.10

Male 17.82 4.83

-.94

-.38

Table 43
Descriptive for ethnicity
Ethnicity
Mastery experience score Africian
East Indian
Mixed
Other
Vicarious experience score Africian
East Indian
Mixed
Other
Social Persuasion score
Africian
East Indian
Mixed
Other
Physiological states score Africian
East Indian
Mixed
Other

M
15.68
15.54
15.51
13.57
19.61
19.13
18.71
17.90
15.30
14.56
14.30
14.05
15.66
17.08
16.47
14.62
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SD
4.35
3.87
3.88
3.65
3.58
3.79
3.76
4.89
4.55
4.28
4.18
5.01
5.61
5.23
5.27
5.37

Kurt
-.31
-.23
.13
-.80
1.34
.03
.05
1.86
-.63
-.40
-.27
-.67
-1.26
-1.07
-1.02
-.40

Skew
-.32
-.22
-.27
-.24
-1.01
-.45
-.61
-1.28
-.48
-.40
-.10
-.06
-1.00
-.22
-.28
.61

Table 44
Descriptives for age
Age_rec
Mastery experience score 11
12
13-14
Vicarious experience score 11
12
13-14
Social Persuasion score
11
12
13-14
Physiological states score 11
12
13-14

M
16.79
14.88
14.27
19.00
19.33
18.04
15.53
14.23
13.69
17.75
15.64
15.50

SD
3.64
4.09
3.67
3.51
3.69
4.12
4,14
4.32
4.52
5.08
5.30
5.50
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Kurt Skew
.08 -.52
-.16 .11
-.16 -.74
.05 -.58
1.25 -.92
.85 -.83
.08 -.43
-.46 -.01
-1.08 -.34
-.69 -.54
-1.03 -.02
-1.27 .11
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VITA
Ronald Sinanan, Cert. Ed., B.Ed., MA.
1 Guaico Tamana Road, Guaico,Sangre Grande,
Trinidad and Tobago
(868) 484 3497

Experience
2013- present -Principal Primary,
Ministry of Education, Sangre Grande Government Primary School
2010 – 2013 Principal Primary (Ag.),
Ministry of Education, Cunupia Government Primary School
2010 -Vice Principal Primary,
Ministry of Education, Cunupia Government Primary School
2009 – 2018Adjunct Lecturer,
CREDI, Trinidad & Tobago
2009 – 2010- Lecturer,
UWI Open Campus, Trinidad & Tobago
1999 – 2007 - External Assessor,
Ministry of Education,
1991 – 2009 -Senior Teacher Primary,
Ministry of Education, Cumuto Government Primary School
1986 – 2009 -Primary School Teacher,
Pursued the Diploma in Teaching
1997 – 1999 - Curriculum Facilitator (Science)
Ministry of Education, North Eastern Education District
1986-1989 - Assistant Teacher III,
Ministry of Education
1983-1984 - Bank Clerk,
Republic Bank Limited
Education History
2013 2022 - Doctoral Student (PhD in Educational Psychology)
Andrews University, Berrien Springs, MI
2013 - CITY AND Guild
Level 1 CVQ Certificate in Training and Assessing Learning- Assessing Competence
2009 - M.A., Educational Psychology
Andrews University, Berrien Springs, MI
2000 - B.E., Educational Administration,
The University of the West Indies, St. Augustine, Trinidad
1995- Certificate in Education, The Teaching of Science,
The University of the West Indies, St. Augustine, Trinidad
1991 - Diploma in Teaching, Mathematics,
Valsayn Teachers College, Valsayn, Trinidad
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1983- GCE A'LEVEL Certificate,
North Eastern College, Sangre Grande
1980 - GCE O'LEVEL Certificate,
North Eastern College, Sangre Grande
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